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FOREWORD 



AUDIENCE - This manual is intended for the user of data processing 

equipment who has a need for data communication services . 

PURPOSE - It introduces the reader to the world of data communication 

and enables him to approach common carriers for competent, 
detailed up-to-date information on facilities, specifications 
and tariffs to satisfy his needs. 

SCOPE - The reader should gain sufficient comprehension of first 

prlciples in coding structures, modes of transmission, 
channels and services offered to the public by common 
carriers to assist him in the design of application-oriented 
data communication systems. 

An example manual network design problem is included. 
A bibliography provides further sources for specific areas 
of interest. 

DISCLAIMER - Cost figures in this manual were estimated by IBM for 

purposes of illustration only. They reflect prices obtained 
from public tariff information and assumptions made by 
IBM as to the application of the tariffs. The reader should 
consult the appropriate common carrier for exact tariffs 
and services when doing actual systems design. 

ACKNOWLEDGEMENT - The number of individuals and groups who have contributed 

to this manual makes it impractical to give individual credit. 
Their contributions are greatly appreciated for they have 
helped to make this a more useful publication. 
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INTRODUCTION 



Managements of today's complex and diversified 
businesses must have up to date knowledge of their 
geographically scattered operations in order to serve 
their customers, and to maintain close surveillance 
over critical activities. This calls for rapid collec- 
tion, processing, and subsequent use of business 
information. 

Because data collection by messenger or mail is 
slow and subject to weather and traffic conditions, 
many new types of communications systems have 
been developed. Advances in computer design and 
application, have brought about increased use of 
electronic transmission systems for conveying in- 
formation between widely separated business loca- 
tions and the computers installed there. Thus, it 
is possible for the management at the main office to 
know in seconds what the state of affairs is at a 
branch at the other end of the country. 

COMMUNICATIONS CONCEPTS 

In this publication communication is defined as the 
transmission of signals between points of origin 
and destination without alteration of the sequence 
or of the information content of such transmission. 
A special form of communication whereby informa- 
tion is conveyed over a distance is called telecom- 
munications. Telephone, radio, and television are 
examples of modern telecommunications. 

The communication process generally requires 
at least four parts — a transmitter or source of 
information; a message; a transmission channel or 
carrier, often called a data link; and a receiver of 
transmitted information. Feedback is usually 
required to close the loop. This is illustrated in 
Figure 1. 

CHANNELS 

A channel or communications link is defined as a 
path for electrical transmission between two or 
more stations or terminals. It may be a single 
wire, a group of wires or a special part of the radio 
frequency spectrum. The purpose of a channel is 
to carry information from one location to another. 
All channels have limitations on their information 
handling abilities, depending upon their electrical 
and physical characteristics. The term "circuit" 
is used conversationally as a synonym for channel, 
but in practice, a circuit may contain several com- 
munications channels. 

Three basic types of channels are simplex, 
half-duplex and full duplex. As an example of each, 
consider transmission between points A and B in 
Figure 2. 
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Figure 2. Types of channels 



Transmission from A to B only and not from B 
to A, describes a simplex channel. 

Transmission from A to B and then from B to A 
but not simultaneously, describes a half-duplex 
channel. 

Transmission from A to B and from B to A 
simultaneously describes a full-duplex transmission. 

Usually, all three types of channels are available. 
In the United States the communications companies 
or common carriers offer only half or full duplex 
channels. The half duplex channel may be used in 
simplex mode by the selection of terminals which 
restrict the direction of the half-duplex channel. , 
e. g. , A "transmit only" terminal connected to a 
"receive only" terminal. Figure 2 illustrates the 
channel terminology. 

Data can be transmitted in half or full duplex 
modes over two or four wire facilities. The as- 
sumption that half-duplex operation utilizes a 2-wire 
circuit and a full duplex requires a 4 wire circuit 
can be erroneous. In most instances half -duplex 
transmission is over a 2-wire circuit; however, full 
duplex transmission can be handled by a 2-wire 
circuit. The 2- or 4-wire selection is the common 
carrier's responsibility, unless terminal specifica- 
tions call for 2-wire or 4-wire connections. 

In addition to the direction of transmission a 
channel is characterized by its band width. In gen- 
eral the greater the band width of the assigned 
channel the higher the possible speed of transmis- 
sion. This speed is usually measured in terms of 
bits/sec. The bits are formed into data characters 
or control codes by equipment included in the 
terminals. 
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Figure 3. Transmission facilities 

Data channels are graded or identified on the 
basis of their information carrying capacity as 
specified by their bit speed capability. The range 
of channels includes broad band, voice grade, sub 
voice grade and telegraph. Broad band, as its name 
implies, is the widest or highest grade, while tele- 
graph is the narrowest or lowest grade channel as 
illustrated in Figure 3. 



. . . (16) (8) (4) (2) (1) 

(1 X 4) + (0 X 2) + (1 X 1) =5 (decimal.) 

or 

(1x2) + (0x2) + (1x2) =5 (decimal) 

Note that in the decimal number system we are 
using powers of 10 to differentiate the positional 
values whereas in binary we are using powers of 2. 

These two number systems are analogous to two 
languages; and we must translate between th<3m. 
Let's try several examples using the above tech- 
nique of positional notation. 

Example 1. Translate the decimal numbesr 6 to 
binary 

2 10 

6 = (_x2 ) + (_x2 ) + (_x2 ) 

6= 1x4 + 1x2 + 0x1 



Here we fill in the blanks to equal the 6 on the 
left. Obviously one (1) four plus one (1) two equal 6. 



NUMBER SYSTEMS 

People are used to calculating with decimal numbers. 
However, the decimal number system does not lend 
itself directly to stored program computer handling 
or data transmission. Numbers in the computer are 
best represented by an on~off condition for reasons 
of efficiency, economy and speed. Therefore, the 
binary number system is used. 

Let us review what we already know of the deci- 
mal number system and then go on to the binary 
system. 

In the decimal system we use the ten symbols 0, 

1, 2, 3, 4 9. When we record the decimal 

number one hundred seventy six we use the shorthand 
positional notation 176. However, we really mean 
the sum of: 

(hundreds) (tens) (units) 

(1 X 100) + (7 X 10) +(6x1) = 176 

or 

(1 X 10^) + (7 X 10^) + (6 X 10°) = 176 

In the binary number system we are limited to the 
two symbols 1 and 0. As a result the binary number 
101 is the shorthand positional notation for the sum 
of: 



«10 = "»2 



We use the subscripts to show which is the deci- 
mal and which is the binary number. 



Example II. Translate the decimal number 21 to 
binary. 



21^Q = ( _x 2^) + ( _ X 2^ + ( _ X 2°) 



Here we run into an apparent difficulty because 
all of the numbers on the right hand side of the 
equation cannot equal the left hand side (21).. There- 
fore we must add three more powers of 2. 



21^Q = (_x 2^ + (_x 2^ + (_x 2^ + ( ,_2 ) 

1 

+ ( _ 2 ) + ( _ X 2 ) 



Since 2 =32(2x2x2x2x2)we cannot place 
a one (1) in that position: Therefore, the binary 
value of 21 = 010101 or 



21 = (0 X 2^) + (1 X 2*) + (0 X 2^) + (1 X 2^) 



+ 



+ (0 
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2^ + (1 X 2^) 


2^10 = » 




+16 + 


+ 




+ 1 


^^0 = « 




1 



21l0 = »1<'"^2 



Now prove the following translation: 



28 = (?) 
10 ^ ''2 



COMMUNICATIONS CODING STRUCTURES. 

In communications and data processing, information 
can be transmitted in sequence bit by bit over an 
information channel. This method may be referred 
to as a timed bit train. For example the five bits 
10110 could be represented as follows: 



STATE 



1 1 1 (Bit Value) 



Up Level / ON / 1 



Down Level / OFF / 



1 2 3 4 5 (Bit Position) 



Figure 4. Bit train 



answer: 28^^ = IHOO^ 



Baudot Code 



The above discussion interpreted the binary po- 
sitional value as a number we are used to in the 
decimal system. However, we could just as easily 
use this system to represent alphabetic characters. 
For example, using six binary digits (referred to as 
bits) let us build a coding scheme to represent an 
alphabetic sequence: 



A= 
B= 
C= 
D= 

E= 
F= 



110001. 



110010, 



110011. 



110100. 



110101. 



110110. 



G= 

H= 

1= 

J= 

K= 

L= 



110111. 



111000. 



111001. 



100001. 



100010. 



100011. 



Etc. 



Notice that each alphabetic character has a 
unique representation in binary. Here we see what 
binary representation really is. First it is a tool 
for representing data, whether it be numbers in 
positional notation or alphabetic characters in a 
notation we arbitrarily assign. Secondly, it per- 
forms the above service in the most economical 
manner. The previous example is a special notation 
called binary-coded decimal or BCD. 



The Baudot code uses five bits to represent each 
character as shown in Figure 5. However, this 
coding structure will allow only 2^ or 32 combina- 
tions. A code with only 32 characters would not 
permit identification of the 26 alphabetic letters and 
10 digits of the decimal system. To overcome this 
problem, the Baudot code assigns two characters to 
many of the five bit combinations . 

To distinguish between two characters having the 
same code and thereby increase effectiveness of the 
entire code to 57 characters and functions, two shift 
characters are utilized. A 'letters" chafacter is 
used to signify lower case printing, a "figures" 
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Figure 5. Baudot code 
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The Data Interchange Code (DIG) 
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Figure 6. Effect of "figs-ltrs" codes 

character is used to signify upper case printing. 
Figure 6 demonstrates the effect of "figs" - 'Itrs" 
conditioning on the same three code combinations. 

In "Itrs" shift, the machine will print A, B, and 
C while in "figs" shift,-, 5/8, and 1/8 are printed 
from the same three codes. The necessity to insert 
"figs" - "itrs" shift codes when going from alpha- 
betlcs to numerics with devices using Baudot Code 
can be significant because more characters must be 
transmitted for a given application than would be 
needed for a non- shifted code set. 



Does not permit printing dual case (small and capi- 
tal) letters but does have shift capability. Rather 
than having separate upper and lower case shift 
codes, each character by its code structure identi- 
fies whether the machine should be in upper or lower 
case. The DIC keyboard has provision for a third 
case or a control shift which permits certain of the 
typing keys to initiate control characters for func- 
tions such as tabulation and form positioning. 

ASCII Code 

ASCII is an eight-bit code developed as an American 
Standard. The information is represented by 7 
information bits and one parity bit. The code as 
presently specified is illustrated in Figure 8 and 
contains 128 characters; 94 graphic characters and 
34 control symbols. In both ASCII and DIC the com- 
plete alphabet is represented in a continuous binary 
sequency. 



Data Interchange Code 



Four-of- Eight Code 



Another type of coding structure is the American 
Standard Code for Information Interchange. A 
version of this code shown in Figure 7 is used in 
machines manufactured by Teletype Corporation, 
which has named this version of ASCII the Data 
Interchange Code. It is an eight-bit code, some- 
times referred to as an eight-level code, with the 
eighth level used for even parity checking. 



Another code commonly used for data transmission 
is the Four-of-Eight code. It is a special fixed- 
count code always having four one bits and four zero 
bits out of the possible eight that are transmitted for 
each character. The fact that every character is 
always identified by four "one bits" (never more nor 
less) facilitates accuracy checking of transmitted 
data. 
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• MARK WHEN PARITY IS USED THE CHARACTERS AND FUNCTIONS 
SHOWN WITH WHITE BACKGROUND HAVE 8th BIT SPACING 
(EVEN PARITY IS USED). 

CHARACTERS UNDERLINED WITH - (DASH) OBTAINED IN 
CONJUNCTION WITH "SHIFT" KEY. 
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Figure 7. Data interchange code 
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Figure 8. ASCII code 



Figure 9. Hollerith (IBM punched card) code 



Hollerith Code 

Hollerith Code is based on the decimal notation 
system. The character set is segmented by zones 
so that the combination of the 12, 11 or zero zone 
and the digits 1 through 9 completes the alphabet. 
The zero zone alone represents zero and the digit 1 
thru 9 without a zone represents the numbers. 
Other combinations of punches are used to represent 
special characters. Notice in Figure 9 that each 
character is determined by a unique coding 
structure . 



Binary Coded Decimal 

The binary coded decimal is an extension of the 
Hollerith Code. The code is structured by convert- 
ing the punched card designations to a binary pat- 
tern. The 12, 11, and zero zones become a two-bit 
combination and the digits a four -bit pattern. 

When this code (BCD) is extended to include eight 
bits it becomes the EBCDIC code shown in Figure 
10. 

The importance of coding is not the ability to 
recognize characters by their code but rather an 
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Figure 10. Extended Binary-Coded-Decimal Interchange Code (EBCDIC) 



evaluation of the following: (1) How much informa- 
tion a code contains; (2) Its limitations in number of 
print characters and functions; (3) What grade 
communications channel may be required to trans- 
mit this code at a given character rate (characters 
per second). 

We have now introduced several techniques for 
coding information. These can be used to represent 
numerical values through positional notation or 
alphabetic information by assigning unique bit 
configurations to characters . We can then transmit 
this information via communication channels at 
various speeds . Which one of the many methods we 
use depends upon the cost, thruput requirements, 
and checking needs of the application. 

MODES OF TRANSMISSION 

There are two primary modes of transmission. 
They are asynchronous and synchronous. 

A typical asynchronous signal (used in Baudot 
Teletypewriter machines) is shown in Figure 11. 

The five information bits representing a charac- 
ter are preceded by a zero bit one unit of time in 
length and followed by a one bit of 1 . 42 units of 
time. These "start" and "stop" bits are used to 
separate characters and to synchronize the receiv- 
ing station with the transmitting station. When 
signal elements or bits of a character travel in a 
transmission medium in sequence (first bit first, 
etc.) as shown in Figure 12, it is called a serial 
mode or serial transmission. With the start and 
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Figure 11. Asynchronous signal 



stop bits added, this type transmission is called 
serial start-stop or asynchronous, meaning each 
character is individually synchronized. 

Figure 12 shows a series of bits travelling in a 
communications medium without the start-stop bits. 
This is synchronous transmission. It requires 
more complex and, usually, more costly terminal 
equipment. A synchronous system is a "clocked" 
or "fixed rate" system, meaning the line is sampled 
at regular intervals to receive and record informa- 
tion bits. Synchronous transmission permits more 
information to be passed over a circuit per imit 
time because no transmission time is required for 
the insertion of start-stop signal elements . This is 
illustrated in Figures 12 A & 12B which show 21 
units of time are required for asynchronous trans- 
mission compared to only 15 units for synchronous 
transmission of the same information. 
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It is possible to send all the information bits in 
a character simultaneously over separate paths or 
channels as shown in Figure 12C. This mode of 
communication is called parallel transmission. 

The advantage of parallel transmission, that 
makes the transmitters less costly than the receiv- 
ing equipment, is the relatively low cost of produc- 
ing such a signal. The parallel mode of transmis- 
sion is most commonly used where the increased 
bandwidth is cheaper than serializing equipment, or 
where more transmitters are required than receivers. 

Let us summarize the advantages and disadvan- 
tages of the various methods of transmission dis- 
cussed so far (see Table 1). 



LINE SPEEDS 

Regardless of the mode of transmission (serial or 
parallel) , the measure of the maximum speed at 
which information can be conveyed is called the Bit 
Rate. In high speed data communications, the term 
kilobits, meaning thousands of bits per second, is 
often used. 

The line signalling speed is measured in bauds. 
The baud is defined as the reciprocal of the length 
in seconds of the shortest element in the signaling 
code. A bit is defined as a single binary decision. 
A bit is equal to a baud only if the channel is binary 
and not character sensitive. Figure 13 shows how 
signal amplitude may be used as a coding method. 

Line speeds also can be expressed in either 
words per minute or characters per second. 
Characters per second is most commonly used to 
express the operating speed of a parallel transmis- 
sion system. However, direct equivalency exists 
between bit rate, words per minute and characters 
per second. If any measure of speed is known, the 
other two expressions can be calculated. 



In communications , a word consists of five 
characters and one space for a total of six charac- 
terp. All punctuation, spacing and control charac- 
ters must be counted because they must be trans- 
mitted. 

The conversion from bits per second to words 
per minute can be made using the following 
formula: 
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Figure 13. Bauds vs. bits 



With this formula, and knowing that the Baudot 
Code has 7.42 Bits/Character, the bit rate of 60 
word per minute teletypewriters service can be cal- 
culated as follows: 



Bits Per Second = 



ANSWER 



60 Words/ Min X 6 Char/ 
Word X 7.42 Bits/Char 

60 Seconds 

360 Char/ Min X 7.42 Bits/ Char 
60 Seconds 

6 Char/Sec X 7.42 Bits/ Char 

45.45 Bits/Second 



Note: For convenience these figures can be 
rounded off to (7.5) and (45). 

When the bit rate is known, words per minute 
(WPM) can be determined from the formula: 



WPM = 



Bits/ Second X 60 Seconds/ Min 

Char/ Word X Bits/ Char 

45 Bits/ Second X 60 Seconds/ 
Min 



6 Char/ Word X 7.5 Bits/ Char 
60 WPM 
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Signal Representation 



Figure 14 shows a sine wave representation of a 
simple signal. 
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Figure 15. Digital representation of a sine wave 



In Figure 15 , each half cycle of the sine wave is 
represented by a signal having a value of plus/ 
minus A. The distance "t" represents the time 
duration of a single excursion, fhis time is called 
a baud. A stop signal as used in Baudot Cod<3 has a 
length 1 1/2 times that of the information signal. 
The stop signal in the transmission of ASCII re- 
quires a length equal to that of the data. 

Notice from the two diagrams , there could not 
be more than 2 bits represented by one cycle. Two 
bits per cycle is the theoretical maximum informa- 
tion content of a wave. 

Original telegraph signalling or transmission 
placed only one signal element on a transmission 
line. This signal-no signal type transmission is 
called uni -polar and is shown in Figure 16. In 
telegraphy, the presence of a signal is called a 
"mark" and the absence of signal a "space". With 
unipolar signalling line interruptions are ideiitified 
as "spaces". Accordingly, this method gave way to 
Bipolar signalling which always had signal on the 
line unless a line interruption occurred. These 
signals (see Figure 17.) have opposite polarities to 
distinguish "zero" from "one" bits or marks from 
spaces. Modern communication terminals and 
data transmission devices use both types of 
signalling. 

A bit has been previously defined as the smallest 
unit of information. Its content can be one or zero. 
Signallir^ speed is defined as the number of signal 
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Figure 14. Sine wave 



Figure 16. Unipolar signal 
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Figure 17. Bipolar signal 

elements sent along a transmission medium per 
unit time. One bit per signalling element was 
previously assumed. More sophisticated systems 
which can and do have signalling elements con- 
taining several decisions are possible; thus the 
difference between bits and bauds , 

Modulation 

The process of impressing a signal on a carrier 
wave is known as modulation and the result of this 
process is called a modulated carrier wave. The 
reverse process, in which the signal is retrieved 
from the modulated carrier wave is called demodu- 
lation. The information signal impressed upon the 
carrier wave is called the baseband signal. There 
are various methods of modulating carrier waves , 
but two of the most commonly used are amplitude 
modulation and frequency modulation. 

Amplitude Modulation 

In amplitude modulation (AM) , the amplitude of the 
carrier wave is varied in accordance with the varia- 
tions of the intelligence signal. The degree of 
difficulty in modulation depends upon the nature of 
the signal. In Figure 18 a carrier wave A is 100% 
modulated by a digital signal B. The modulated 
carrier C is simply a sequence of tone bursts with 
the tone representing "one" bits and absence of tone 
representing "zero" bits. 



Frequency Modulation 

In frequency modulation (FM) , the frequency of the 
carrier wave is varied in accordance with the varia- 
tions of the baseband or modulating signal. The 
amplitude of the carrier wave does not change - only 
its frequency changes . hi Figure 19 a carrier wave 
A is modulated by a digital signal B. Note the 
modulated carrier wave C is of constant amplitude 
but of two different frequencies. With FM, there is 
signal on the line at all times. If bipolar signalling 
is employed with FM, the carrier will be shifted to 
a frequency both above and below its unmodulated 
frequency. This type of FM is called frequency 
shift signalling or frequency shift keying (FSK). In 
FSK, the unshifted carrier tone corresponds to 
complete absence of signal. The actual change in 
carrier frequency produced by the baseband signal 
is called frequency deviation. An example of fre- 
quency deviation in low speed digital transmission 
systems is about 100 cycles per second. 

Phase Modulation 

In phase modulation, the phase of the carrier wave 
is varied by the intelligence signal. From Figure 
14 it can be seen one complete cycle of a wave 
represents 360 degrees of phase. For simplicity, 
consider a phase change as being antilogous to ad- 
vancing the carrier wave a certain number of de- 
grees past a reference point. With phase modula- 
tion, it is the amount of change in phase - not the 
point at which it changes that conveys the intelligence. 
Phase modulation, unlike AM & FM, can be used 
only with digital transmission systems. This is 
because phase change detectors can detect only 
large abrupt changes such as those produced by 
digital signals. The modulated carriers for these 
most commonly used modulation schemes are com- 
pared in Figure 20. 
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Figure 18. Amplitude modulation 



Figure 19. Frequency modulation 
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Figure 20. Modulation techniques 



Pulse Position Modulation (PPM) - each sampled 
pulse is of the same width and amplitude but its 
pulse time position with respect to a uniform time 
scale varies. 

A variation of pulse amplitude modulation is 
called pulse code modulation (PCM). In this 
modulation technique the sampled pulses of varied 
amplitudes are converted to a 7 bit code to repre- 
sent the absolute amplitude of each pulse. These 
digital codes are then transmitted. 

Multiplexing Techniques 

Transmission systems also can utilize the prin- 
ciple of multiplexing, which means dividing a 
communication media Into pieces or slots each 
capable of carrying information from a separate 
input. Multiplexing may take place by time or 
frequency division. 

Frequency Division Multiplexing 



Pulse Modulation 

Other transmission systems may use a special form 
of modulation called pulse modulation. The several 
types of pulse modulation are shown in Figure 21. 
Pulse modulation consists of sampling the baseband 
signal at regular intervals and converting the sample 
results into one of the following signal pulses for 
transmission. 

Pulse Amplitude Modulation (PAM) - each sampled 
pulse is uniform in width and time position but may 
vary in amplitude. 

Pulse Width Modulation (PWM) - each sampled 
pulse is of constant amplitude and time position but 
may vary in width. 



BASEBAND 
SIGNAL 

PULSE 

AMPLITUDE 

MODULATION 

PULSE 

WIDTH 

MODULATION 

PULSE 

POSITION 

MODULATION 




liipil liii 



■ iiiiiiiii 



Frequency division is used in the parallel mode of 
transmission, with each channel assigned a specific 
frequency band. The carrier systems are a foj^m of 
frequency division in that several voice channels are 
assigned discrete bands or parts of a carrier sys- 
tems total frequency spectrum. By using the 
principle of frequency division, it is possible to 
have a leased or privately owned voice grade line 
provide a number of low speed lines. (See Figure 
22). 
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Figure 21. Pulse modulation methods 



Figure 22. Frequency division multiplicity 
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Each low speed line is allocated its own individ- 
ual frequency. This allows independent simul- 
taneous transmission on each frequency band. 

Time Multiplexing 

Time multiplexing is the dividing of the medium into 
discrete time slots, each of which is capable of 
carrying information from a different input. 

An example of time multiplexing is shown in 
Figure 23. Several lines are supplying simultaneous 
and independent signals to a scanning device which 
then assembles a composite signal on a single line. 
To avoid distorted pulse shapes on the low speed 
lines a small buffer is sometimes used to provide 
a solid signal. 

The advantage of such an arrangement is that a 
single line could service multiple lines terminating 
at the scanning device. 

Notice that the character assembled from the low 
speed lines is a composite made up of one bit from 
each of the automatically scanned lines . This com- 
posite character is then transmitted to the remote 
end and automatically demultiplexed, i.e. , the bits 
are distributed to low speed lines . This technique 
is sometimes referred to as concentrating by time 
division multiplexing. In the event a computer is 
being used at the remote end the method of trans- 
mission (i.e. , time-multiplexing or straight 
telegraph) could not be detected by the individual 
programming the system. 

Circuit Limitations 

Frequency Distortion 

Attenuation is the loss in intensity or amplitude of a 
signal as it travels in a transmission medium. The 
loss is proportional to the line's impedance which 
will vary with frequency. At higher frequencies, a 
line will have greater impedance and consequently 
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Figure 24. Frequency distortion 

greater losses. This variation of loss with fre- 
quency is called attenuation distortion, amplitude 
distortion, or frequency response. Figure 24 shows 
a response curve for a communication circuit. 

It is desirable to have all frequency components 
of a signal suffer the same loss. When this happens, 
the circuit is said to have a flat response curve. A 
flat response curve (see Figure 24) can be achieved 
by inserting a device called an attenuation equalizer 
into the circuit. The equalizer is a network of re- 
sistance, capacitance and inductance having attenua- 
tion characteristics inverse to those of the line. 

The attenuation equalizer adds relatively large 
losses at low frequencies and only slight loss at 
high frequencies. The total loss, measured from 
end to end of a circuit, is called the net loss. For a 
voice channel, net loss is usually measured at a 
reference frequency of 1000 cycles per second. 

j)elay Distortion 

Transmission time or absolute delay is the time it 
takes from transmission to reception of a signal 
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Figure 25. Delay distortion 

over a communication channel. Electrical tones or 
frequencies, don't all travel at the same speed. The 
difference in speed permits some parts of a signal to 
reach the receiver ahead of others . This variance 
with frequency, shown in Figure 25 is called delay 
distortion and is a serious limitation in circuits 
used for data communication. 

Because a square wave signal is composed of 
many different frequencies , the edges of the signal 
begin to distort as the wave travels to its destina- 
tion. This distortion may cause the receiving 
equipment to ignore this distorted wave as an 
information signal. 
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Figure 26. Effect of delay distortion 

This limitation is even more severe when trans- 
mitting in the parallel mode, as shown in Figure 26. 
Figure 26 also gives a clearer representation of 
delay distortion. Although this figure shows data 
signals in pulse form, keep in mind the pulses are 
actually tones or bursts of different frequencies . At 
the receiving location, because of delay distortion, 
the low frequency signals of the second character 
could be interpreted as belonging to the first charac- 
ter. This would be an error. 

The solution to the delay distortion problem is 
similar to that of attenuation distortion. Networks , 
called delay equalizers, are inserted into th(5 line. 
Their opposite delay characteristics , when added to 
the delay of the line, will cause an overall response 
approximating a flat curve or a constant value. The 
characteristics of a delay equalizer and its effect 
upon a transmission line are shown in Figure 27. 
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Noise Signals 

Noise is the name given to unwanted signals which 
appear on a communication channel and distort or 
mask the baseband signals. Noise can come from 
terminals, switching equipment, or the communica- 
tion channel itself. One of the most common types 
is noise induced by high voltage power lines. Other 
noise causes are cross talk currents from adjacent 
channels and unbalanced line conditions . 

White Noise 

This type of noise usually maintains a constant level 
and is called "steady" or "white" noise. If the 
"white" noise level is relatively low, it ordinarily 
causes no difficulty or errors in data communica- 
tions. Figure 28 shows a digital signal A impressed 
upon a communication channel having a white noise 
B. The signal C will be unaffected and correctly 
identified at the receiver as long as the noise level 
remains below the signal detection level X. 

Impulse Noise 

There is another type of noise, however, which 
sometimes cannot be heard but which can cause 
great difficulty in data communications. This is 
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Figure 28. Effect of white noise 



called impulse noise (D) and can be caused by 
lightning, switching equipment or maintenance 
personnel. Impulse noise, as its name implies, 
takes the form of large narrow spikes or impulses 
which can either obliterate or negate a data signal 
(E). Figure 28 illustrates impulse noise. Impulse 
noise limitations are expressed in both magnitude 
and rate of occurrence. A typical common carrier 
specification would be about 70 peaks per hour as a 
tolerable occurrence rate. 

The term "signal to noise ratio" (S/N) is used to 
express noise levels. Its unit is the decibel (db) and 
it is measured on a logarithmic scale from a stand- 
ard or reference signal level. 

Effects of Errors on Performance 

Considerable effort has resulted in a family of 
statistics concerned with actual error occurrence 
during data calls on the exchange telephone network. 
Although impossible to predict, an average rate of 
one error bit to every 10^ to 10^ bits transmitted 
can be considered representative of average per- 
formance . The important point to remember is 
these are averages resulting from thousands of 
transmissions and for any one call performance 
may deviate drastically. As expected, it was found 
that error rates went up as the bit rate was in- 
creased. Error rates also were found to be higher 
during the busy times of the day, indicating error 
rate is also a function of switching activity. 

Errors may be classified into two types: the 
random or intermittent type and the burst or long 
series of errors type. The random error is the 
most troublesome because it can occur at any time. 
The burst errors usually are detected easily be- 
cause entire blocks of information are received in 
error. 

The effect or "costliness" of an error must be 
evaluated before error controls are considered. 
For example , teletypewriter communication is 
ordinarily in the form of plain message text. 
Errors in the form of a few misspelled words 
wouldn't appear to be very costly - especially when 
compared with the effect of loading a program con- 
taining transmission line errors into a computer. 

In microwave transmission there usually are five 
broad band channels in each direction. In addition 
to these five , there is one spare called a protection 
channel. Microwave systems are divided in 60 to 
100 mile legs (depending upon repeater locations) 
called switching sections. A pilot or fixed fre- 
quency is sent on each channel to insure continuity 
of service. If the pilot is lost, it indicates that its 
particular channel is in trouble. The loss in pilot 
frequency causes the 6th or protection channel to be 
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switched automatically to replace the troubled 
channel. The old section can be switched out and 
the new one substituted in milliseconds. Similar 
back-up exists in coaxial systems where one pro- 
tection coaxial is provided for each 3 working 
coaxial tubes. 

The "echo" problem that will be described later 
is a rather serious one in voice communications. It 
is solved, however, by inserting high impedance 
devices called echo suppressors in the line. Under 
relay control, echo suppressors are inserted about 
12 milliseconds after speech in one direction starts 
and are dropped out 50 to 100 milliseconds after 
conversation stops. This time required to reverse 
the direction of transmission is called "turnaround" 
time. This time interval does not hamper voice 
communications but does assume sizeable propor- 
tions on data channels. The problem is overcome 
in data communication by removing the suppressors 
from the line or providing an appropriate (about 
500 millisecond) delay in business machines. Echo 
suppressors also have been modified to disable 
themselves upon receipt of a special tone (2025 
cycles per second) from a data set when exchange 
data calls are made. 

In summary, data signals are subject to 
numerous "hazards" while traveling in a communi- 
cations medium. These usually are the result of 
the many factors mentioned or may even be the 
result of less significant happenings such as sudden 
transmission level changes. The problems of 
errors and error control must be considered in 
any data communication system. 

Error Detection 

There are several methods used to detect errors. 
The two most commonly used are parity or vertical 
redundancy check (VRC) and longitudinal redundancy 
check (LRC). Parity may be either even or odd, 
meaning the sum of the "one" bits for any character 
or column will always be even or odd depending 
upon which arrangement is chosen. Figure 29 
shows a six bit code arranged for odd parity. The 
seventh bit is the parity or check bit. The number 
of information bits in characters 3 , 5 , 6 X and Y 
shown are even. To satisfy the odd parity require- 
ment, a bit is simply inserted in the 7th (check) 
position for each of the characters to change the 
sum of the "one" bits to an odd number. This is 
done to all even bit characters. At the receiving 
terminal, each character is checked for the proper 
parity., If an odd number of bits are either lost or 
added, the character received will be in error. The 
receiver will detect the error , punch special 
characters, turn on an indicator light and send a 
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Figure 29. Vertical and longitudinal checking 

negative check answer indicating errors were; de- 
tected. 

With longitudinal checking, each transmitting 
and receiving terminal generates a separate count 
of "one" bits for each of the bit positions of the code. 
This count, when completed,, results in an LRC 
character which could be considered to be a hori- 
zontal parity bit for each channel. For checking 
purposes , data are grouped into a unit containing a 
specified number of characters. This unit is called 
a block and may vary in length, depending upon the 
application. After each block of information, 
indicated by an EOB (End of Block) character, the 
LRC character generated at the transmitter is sent 
to the receiver. It is compared to the LRC charac- 
ter generated by the receiving terminal. If they are 
equal, a positive response is sent back and the next 
information block is transmitted. If they are un- 
equal, a negative answer is sent back to the trans- 
mitter. On receipt of a negative answer, many 
terminals will retransmit a block two times in an 
attempt to automatically eliminate errors . If the 
three attempts are unsuccessful, the system will 
stop. The End of Block character can be placed 
anywhere in the text of the message. When data is 
to be printed it often is located at the end of each 
printing line. Note in Figure 29 when adding in 
either a vertical or horizontal direction, the sum is 
always an odd number. If it is not, the received 
information is in error. Check this for yourself by 
adding or removing a single bit. Try it with 2 bits, 
etc . Another form of checking is cyclic or poly- 
nomial checking. When compared with VRC & LRC, 
it is considerably more complex and as a result, 
capable of detecting almost all errors . 

Cyclic checking works similar to LRC. Instead 
of generating a check character by adding the bits in 
each data channel of a block, it divides all th(3 
serialized bits in a block by a predetermined binary 
number. The remainder of this division is the check 
character which is sent and compared with the check 
character obtained in similar fashion at the receiving 
terminal. 
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Error Correction 

Checking is a means of detecting errors only. Some 
terminals have the ability not only to detect errors 
but to correct them. Figure 30 shows the same set 
of characters previously shown but with an error 
introduced. The error is the addition of an unwar- 
ranted "one" bit in the character "four". The 
receiving terminal will automatically recognize the 
vertical and horizontal "no check" paths shown by 
the dotted line. Their intersection is the bit in 
error and it will be negated or reversed. 

Error detection and/or correction take time. 
Rated or nominal speed has been defined as the 
highest speed at which a terminal can operate. The 
effective speed reflects the added time necessary 
for checking and control functions and must always 
be considered. If errors are being received, sev- 
eral retransmissions would be required and effective 
speed would be further reduced. 

Effective speed for a representative terminal is 
calculated below and is based on a rated speed of 
135 BPS and a block equal to one seven inch writing 
line: 

# of characters in a block = 7 inches x 10 characters/ 

inch 
= 70 characters 



# of Bits in a block 



= 70 characters X 9 bits/ 

character 
= 630 bits 



Time to transmit a block = 630 bits t- 135 bits/ 

second 
4. 7 seconds 



Effective Speed 
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= 630/5 
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Figure 30. Error correction 



Should average error performance be experienced, 
one out of 15 blocks would be retransmitted which 
would reduce the effective speed to about 110 bits/ 
second. In high speed systems where start and stop 
times become significant, effective speed may be as 
low as one-half rated speed. 

COMMUNICATION CHANNELS 



A communication channel has been defined as an 
electrical path to facilitate the transmission of 
intelligence between two or more points . The 
provision by common carriers of proper communi- 
cation facilities (both number and electrical design) 
is complex and not easily understood. Rather than 
going into the detail of "How" and "Why", facilities 
are furnished we will briefly review the physical 
plant or facilities that are now used in providing 
communication channels. Appendixes Al & A2 
contain some of the technical background on Basic 
telegraphy and telephony. 

As the telegraph and later the telephone com- 
munications companies grew, numerous circuits 
of varying length and electrical characteristics 
were added throughout the nation. As a result, 
present communication facilities consist of various 
sized wires and systems; some as new as several 
months, and others as old as sixty or more years. 

Original facilities generally used large wire 
which was required to overcome electrical losses, 
and with these facilities communication was usually 
loss -limited to distances of less than several 
hundred miles. All electrical circuits contain 
properties of resistance, inductance and capacitance 
which cause the diminishing of a signal as it travels 
in a communcation line. The reduction in strength 
of a signal in a transmission line is called attenua- 
tion . By placing small inductors (coils of wire) 
in voice transmission lines at specific intervals, 
the added inductance offsets the capacitive loss 
and overall attenuation is reduced. These coils 
are called "load coils" and their insertion is 
called "loading" a line. Although loading a line 
improves its attenuation characteristic it has an 
adverse affect on the delay distortion. Loading 
of lines increased the practical voice transmission 
range to almost 2, 000 miles. About 1915, vacuum 
tubes and amplifiers were introduced find the era of 
modern communications began. 

The basic unit or communication channel today 
is a voice grade channel which has been defined 
as having a nominal bandwidth of 4000 cycles. In 
reality, however, the useable frequency range is 
about 300 to 3000 cycles. The space lost on the 
edges creates a "guard space" which helps avoid 
interference. The resultant 2700 cycles is called 
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the useable bandwidth. The nominal bandwidth of 
a voice grade channel (4 kilocycles) may lie 
anywhere in the frequency spectrum. It could be 
identified by the band between 12 and 16 kc, 164 and 
168 kc, 1491 and 1495 kc or at any frequency 
range as long as the bandwidth is 4 kc. 

As the need for communications increased in the 
post World War 11 era, so too did the cost of 
providing communication channels. The problem 
of increased costs was alleviated by greater use of 
"Carrier" systems which permitted several 
conversations to be sent on only one circuit. These 
systems use a high frequency wave to "carry" 
information. The wave is descriptively called a 
carrier wave. Systems are commonly identified by 
alphabetical letters such as N-Carrier, L-Carrier, 
etc. and may vary in capacity from only a few to 
several thousand voice grade channels. 

In such systems, voice information is superim- 
posed on a high-frequency wave which "carries" 
the information to a receiver . When the information 
signal is imposed upon a carrier signal , it is 
relocated to a specific slot in the frequency 
spectrum. 

Figure 31 shows a voice band signal (0-4 kc) 
shifted by a 5 kc carrier wave to the 5 to 9 kc 
range. This permits a second voice band signal to 
occupy the original signals 0-4 kc slot and both 
signals can then be sent on a channel having a 10 kc 
bandwidth. Many telephone cables can do this on 
one pair of wires. Notice the results of this kind 
of modulation are additive — the modulation 
product (5-9 kc band) is the sum of the 5 kc carrier 
and the original signal (0 - 4 kc). A difference 
frequency is also present but this unwanted signal 
is eliminated by filtering. 

Figure 32 illustrates the effect which carrier 
systems have upon furnishing circuits between two 
cities. Using only two of the existing 12 circuits, 
a six channel carrier system wiU provide 2 x 6 = 12 
channels making a total of 22 available between 
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Figure 32. Carrier systems and circuit provisions 

cities A and B. If all 12 pairs were used for 
carrier transmission, a total of 72 channels could 
be obtained. 

The use of carrier systems or systems 
embodying the use of a carrier wave is commonly 
found in modern communication. Figure 33 shows 
some of the assigned use of the frequency spectrum. 
Commercial radio utilizes a high frequency carrier 
wave to transmit broadcasting information to radio 
receivers. 

Tuning is merely matching the radio receiver to 
the frequency of the desired transmitted carrier 
wave and then separating the intelligence signal 
from the carrier by demodulation. 
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TELEGRAPH GRADE CHANNELS 

Channels for teleprinter service are called 
Telegraph Grade and are considered low speed. 
These channels were designed to handle a 
maximum of 75 bits/second. Early telegraph lines 
were entirely dc pulse signalling. As demand 
grew, voice frequency carrier telegraph was 
developed for use on longer channels , so that now 
telegraph channels use dc signalling only short 
distances and, of course, between each machine 
and its carrier line. 

Carrier telegraph systems use the same 
principles as carrier systems already discussed. 
In this system, however, the process is expanded 
and one voice channel is divided into 18 or more 
telegraph channels. Derivation of channels from 
a higher grade facility is called channellizing or 
multiplexing. Telegraph signals are also subject 
to attenuation and other deteriorating effects of the 
line. DC telegraph channels contain devices 
known as regenerative repeaters which overcome 
these deteriorating effects by reshaping and 
retiming the pulses of each character. The 
regenerative repeaters may be electromechanical 
or electronic. Either kind will work only with a 
specific start -stop code. Lines equipped with 
there repeaters are "code sensitive", meaning 
they will transmit only the specific start-stop code 
they are designed for at a specific speed. Today 
the major common carriers are removing these 
regenerators and replacing them with bit 
regenerators which are code and speed insensitive. 

SUB- VOICE GRADE CHANNELS 

Like most telegraph channels, sub-voice grade 
channels are usually derived from voice facilities. 
They lie between telegraph and voice grade 
facilities capability and generally in the 100 to 180 
BPS range. The common carriers offer two 
channels in this range with 150 and 180 BPS maxi- 
mums. This grade channel may not be code 
sensitive (can handle any code) and is restricted 
to serial transmission. There is no voice com- 
munication with sub-voice grade channels. 

VOICE GRADE CHANNELS 
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Figure 34. Electromagnetic amplifier connection 

communicating devices operate on voice facilities. 
Voice channels between cities in the public 
telephone system are often called toll circuits and 
these same facilities are also used as required for 
voice grade requirements. 

Line Amplifiers 

Amplifiers are signal boosters which make up for 
losses in the transmission medium. They are 
directional or one-way devices, and if they are 
connected directly in a circular loop the boosted 
signal goes round and round and is constantly 
boosted until the amplifiers oscillate or "sing". A 
similar effect is noticed when the volume control 
is turned too high on a public address system. 

To avoid the "singing" problem and maintain the 
proper amplifier effect, the physical line connection 
is severed and made electromagnetically as shown 
by Figure 34. 

Two -Wire Circuits 

A two-wire circuit having amplifiers inserted in 
this manner is said to have "double-tracked" 
repeaters or amplifiers. This arrangement works 
very well and is commonly used . 

If further amplification is required, additional 
repeaters could be "double-tracked" in much the 
same way at necessary points along the channel. 

Four-Wire Circuits 



In the introduction to channels and channel 
derivation, a definition of voice grade channels 
was given and the effects of attenuation were 
discussed. To overcome attenuation effects 
during communication, the information signal 
carried over the usable channel bandwidth (300 to 
3 000 cycles) must be amplified or boosted at 
regular intervals. A general understanding of a 
voice charnel is helpful because so many data 



The West-East circuit in Figure 34 could be 
lengthened at "A" and as two -wire circuit, 
additional amplifiers could be inserted in the line. 
The same could be done with the East-West circuit 
at "B" and upon completion, a separate path 
would exist in each direction. Each path would 
represent one half the total circuit and would be 
unidirectional. This arrangement of facilities is 
called a 4-wire circuit. Figure 35 demonstrates 
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Figure 35. Principle of a 4- wire circuit 

the principle of a 4-wire circuit or its equivalent. 
Most Intercity voice grade channels today are four 
wire equivalent. 

The line connecting a communications customer 
to the local common carrier office is called the 
"local channel" or "local loop". It may be either 
a 2-wire or a 4-wire facility. When voice grade 
local channels are extended beyond a specified 
distance, they, like long voice channels are 
generally "loaded" to reduce transmission losses. 
When a two -wire local channel is joined to a 4-wire 
circuit, it is done electromagnetically by a hybrid 
coil called a 4-wire terminal set. 

Figure 36 is a general schematic of a 4-wire 
toll circuit showing the local channels as 2-wire 
local loops. The "nets" indicated are balancing 
networks which are used to balance the line to 
reduce reflection losses, eliminate "singing", and 
maximize circuit gain. 

While using the telephone, you may on occasion 
have noticed peculiar "ghosts" or echoes of your 
voice on a telephone line - particularly on long 
distance telephone calls. These echoes result from 
the reflection of your voice at the farthest 4-wire, 
2-wire circuit juncture or intersection and the 
intensity of the echo will vary with the circuit 
imbalance . 

The reflected signal returns to the originator 
via the receiving path of the circuit and is 
amplified sufficiently to cause annoyance. Actually, 
not one but a family of echoes may be produced 
as shown by Figure 37. 
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Figure 37. Echoes in a 4-wire circuit 

Long 4-wire circuits are equipped with devices 
called echo suppressors which have the ability 
to automatically insert a passive high impedance 
in the return path. This impedance effectively 
short circuits the return path, and eliminates the 
echo as shown by Figure 38. Because 4-wire 
circuits have 2 separate paths or directions, a 
suppressor is required on each side of the line. 
Echo suppressors operate under control of 
relays and will change from "on" to "off" and 
vice versa with the direction of conversation . The 
time interval required for the suppressors to 
switch from one state to the other is called "turn 
around time" and is commonly about 50 milli- 
seconds. The two suppressors associated with a 
4-wire circuit always must be opposite or the 
inverse of each other in state to avoid blocking 
of communication in both directions at the same 
time. 

CONDITIONED VOICE GRADE LINES 

There are three types of channels of a grades 
similar to those furnished for voice grade 
channels. They are designed to meet certain 
specifications of attenuation, delay and noise. 
This is called conditioning. Most common carriers 
offer two or three levels of conditioning which incur 
additional charges at each station. 

When voice grade channels characteristics can 
be held to particular specifications, certain types 
of modulation and/or higher data speeds can be 
utilized. 

BROADBAND CHANNELS 

The voice grade channel has been considered to be 
the basic building unit in carrier systems. This 
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building block is commonly called a channel or 
voice equivalent. If 12 voice channels in a carrier 
system are terminated in a special way as one 
single channel 48 kc wide, rather than a group of 12 
channels, the resultant facility is called a broad- 
band channel. 

With modern technology, channels can be de- 
rived on conventional wires having bandwidths of 8, 
12, 16, 24, and 48 kc. Any channel wider than 
voice grade is often considered to be a broadband 
channel. The terms wide band and broadband, how- 
ever are used synonymously. Common carriers 
offer broadband channels in both leased and 
switched mode, as described in the next section. 

Given physical or radio facilites having greater 
capacity, wider channels or 96, 240 and 1000 kc (1 
megacycle) can be developed. These are the most 
common widths used by communication common 
carriers. For data transmission the common carriers 
reserve the right to do all modulating or condi- 
tioning of signals for transmission on the broadband 
channel they provide. Thus in general the com- 
munication companies provide the modulating de- 
vices for use on a broadband channel. 



SPECIAL CHANNEL FACILITIES 

The 48 kc and 96 kc broadband channels can be pro- 
vided over specially conditioned 4 -wire circuits. 
Carrier techniques are used to translate these 
signals to a higher frequency slot to take advantage 
of transmission characteristics. However, the two 
wider band channels (240 kc & 1 mc) cannot use 
conventional wires and must use special facilities. 
High frequency waves tend to radiate in all directions 
into space. These radiated waves not only represent 
losses in signal power but they also cause interfer- 
ence in adjoining communications channels. Because 
of these problems, new techniques were developed 
which solved the loss -interference problem and 
facilitated broadband communication systems with 
greatly increased capacities. 

These techniques have been in use for some 
time and yet the general public is less aware of 
these than the "normal" transmission by wire 
concepts. Two of the most familiar techniques are 
coaxial cable transmission and microwave trans- 
mission. Each of these require special facilities 
and a short description of each is found in 
Appendix A. 
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COMMUNICATION SERVICE OFFERINGS 



There are two basically different ranges that 
common carriers offer in communication channels. 
One is called Public or Exchange Service and 
consists of subscriber lines connected to a switch- 
ing system. It is "public" in the sense that all 
customers are connected to the same system: and 
it is "exchange" in the sense that calls are placed 
by the originator and connection to a destination 
lasts only as long as needed. Usually the cost of 
exchange service consists of tolls based on distance 
and length of connection, and a monthly service 
charge to maintain system access. Obviously one 
subscriber station can place a call to any other 
station whether or not it is the same customer. 

The other is Private Line Service or Channels, 
which consist of full time leased point-to-point or 
multipoint lines connecting only locations belonging 
to one customer. Usually the cost of a Private 
Line consists of monthly rental based on length and 
type of lines. For this purpose, each line consists 
of two or three separately priced parts, as shown 
in Figure 39. Some line offerings combine the 
function of local loop into one channel terminal 
charge for each station. The pricing configuration 
of lines has no relationship to the way the physical 
channel will be routed. Private line connections 
are dedicated and communications are, therefore, 
only between points connected to the same line. 
Such lines may be interconnected by switching 
equipment to provide a private version of an 
exchange system, or may be connected to common 
processing equipment to provide data processing 
service to many such lines. 



Distance measurement for public exchange and 
private line purposes is defined in a variety of 
ways by the common carriers, but allow an attempt 
to mechanize the measurement of airline miles so 
that the mileage between any two points will always 
be the same. For public exchange mileage meas- 
uring, Western Union has divided the domestic U.S. 
into rate "squares" whose centers are roughly 50 
miles apart (FCC Tariff 232). Each square is 
numbered, and the arithmetic difference between 
any 2 squares numbers is translated in a table to 
airline miles. AT & T has developed a "V & H 
Coordinate" system (FCC Tariff 255) for all Bell 
System services and most telephone companies 
concur with it. This system overlays the U.S. , 
Canada and Mexico with a grid system whose lines 
are about 0.3 mile apart. Western Union also uses 
this method for determining the private line 
mileage. Both Western Union and AT & T have; 
created long lists of locations and their corresjjond- 
ing rate square number orV & H Coordinate, which 
can be found in the above tariffs . 

To determine INTEREXCHANGE Channel mileage 
by the V & H Coordinate method between any tv,^o 
points it is only necessary to determine the V & H 
Coordinates of the points from the tariffs and solve 
the following formula. 

d = distance in miles 

d = 



2 2 

(V2-V1) + (H2-H1) 

10 




Figure 39. Component parts of a private line 
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The coordinate or grid system has been so 
chosen that the distance represents the airline 
mileage between points 1 and 2 which can be used in 
the calculation of line charges. 

Multipoint Interexchange Channel pricing is also 
based on airline mileage as was the two point 
service. The charges however, are based on a 
"minimum tree" or the shortest total distance of all 
the possible ways the various stations may be in- 
terconnected. As before the selection of the shortest 
route for pricing may be independent of the way the 
circuit is routed. Figure 40 is an example of a 
tj^ical multi -point private line channel and illus- 
trates how airline mileage is determined for 
pricing purposes. In the example the distance 
calculations are already completed so that all that 
remains is the trial and error method of deter- 
mining least distance. In the example, arrange- 
ment four provides the interconnection with the 
lowest total mileage. 

Based on this arrangement each IXC must then 
be priced separately. The mileage is not just 



applied once on the total channel distance of 1630 
miles but rather on the three separate links. 
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In the following sections , the common carrier 
offerings are described separately as exchange or 
private line, in the general speed groupings. 

LOW SPEED SERVICE 

This classification includes those facilities origi- 
nally developed for use with teletypewriters and 
other channels ranging up to 300 bps. Reference 
is also included to higher grade facilities that are 
used at speeds of 300 bps or less. 

Teletypewriter Exchange Service 

TWX is the U.S. and Canadian exchange teletype- 
writer service offered in the U.S. by the Bell 
System and other telephone companies. Like the 
familiar telephone service, each subscriber has an 
individual line which is assigned a TWX number and 
is listed in a nationwide directory. Each station 
is equipped with a dial and numbers are dialed in 
the conventional telephone manner. The basic 
terminal provided is a teletypewriter with keyboard 
and printer. Paper tape equipment is optional. 

At present, business machines can attach to 
TWX to communicate with teletypewriter stations. 
Through the use of data sets the business machine 
can be made to appear as a telet5T)ewriter station 
or vice versa. When business machines communi- 
cate with business machines the service is referred 
to as TWX Prime. TWX Prime Service is de- 
scribed in the next section. 

The original TWX network was separately con- 
structed and maintained. All signals were either 
unipolar or bipolar direct current (DC) pulses. As 
the service grew, the demands on the network 
increased and it became necessary to provide addi- 
tional facilities. Carrier telegraph systems were 
developed which adequately filled most growth 
requirements. As mentioned earlier, these 
systems derived as many as 18 telegraph grade 
channels from one voice-grade facility. Frequency 
division was used to derive the channels with each 
one assigned a different 180 cycle wide slot in the 
voice channel band. The carrier telegraph terminal 
ordinarily was located in the central office and the 
teleprinter operated on a DC basis between there 
and the customer's location. At the central office, 
the DC signals were frequency shifted to bursts of 
tone - each tone being within the limits of the 
channel's distinct 180 cycle band. 

At one time, all TWX connections were made on a 
manual basis by operators at central switchboards. 
In 1963, all TWX stations were equipped with dials 
and permitted to dial their own connections. At the 
same time , the TWX network as a dedicated or 
separate entity was dissolved and all TWX stations 



began using the same exchange voice facilities used 
by telephone subscribers. Under this arrangement, 
DC signalling would not work over the voice oriented 
telephone network and a device called a MODEM 
(Modulator-Demodulator) was required at each 
teletypewriter to frequency- shift modulate the data 
signals at their source. 

The MODEM serves the same purpose as the 
carrier telegraph terminal but instead of being at 
the central office, it is built into the TWX station. 
Most TWX stations operate on conventional 
telephone lines and have a MODEM built into their 
housing to condition DC signals for transmission. 

From its introduction TWX has been a 60 WPM 
(45.45 bps) service using baudot coded terminals. 
It is now also available at 100 WPM (110 bps) with 
the data interchange code. Even though 60 and 
100 wpm TWX stations use different coding and 
operate at different speeds, they are able to 
communicate with each other because of speed 
and code converters buUt into the TWX network. 

The overall cost of TWX is the sum of three 
factors: The cost of the subscriber loop and the 
monthly rental for the basic terminal or station 
equipment used on the line. There is a message 
or circuit usage charge based on the distance be- 
tween the two stations, and the duration of the <3all. 
Circuit charges are the same for both 60 and 100 
speed TWX service. With TWX as with telephone 
service, there is a 3 -minute minimum period 
charge . 

TWX 100 word per minute stations are equipped 
for unattended operation (optional on 60 word per 
minute). The unattended feature permits the 
machine to turn itself on, print the incoming 
message, and then turn itself off automatically 
without an operator. 60 word per minute stations 
are given a TWX number which has the same area 
code as telephones in that locale. However, 100 
word per minute stations have one of four distinct 
area codes reserved for their exclusive use. This 
difference facilitates the communication between 
the two services. 



TWX CE (TWX - Prime) 



The customer provided terminal on the TWX station 
is capable of handling a transmission rate of up to 
150 bits per second when a business machine calls 
a business machine. The common carrier will 
provide a special TWX line to be used with the 
customer terminal, and such an arrangement is 
popularly referred to as TWX prime (TWX'). TWX' 
operates the same as TWX with the exception that 
TWX stations and TWX'stations are prevented 
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from interconnecting without the extra cost 
arrangements shown in F igure 41. Businesses can 
transmit data in any form or code at up to 150 bits 
per second on an exchange basis in half or full 
duplex mode and the circuit charges are at the same 
TWX toll rates (see Table 2). 

As previously described, all TWX stations 
have a MODEM which, on a frequency shift basis, 
changes the data signal to a series or sequence of 
tones. With TWX' stations, a MODEM is altered to 
operate with its frequencies inverted (I) to make 
TWX' stations incompatible with regular (N) TWX 
stations. Figure 41 shows several ways of con- 
necting to TWX and TWX' . 



TABLE 2 

TWX - CIRCUIT USAGE CHARGES 
(INTERSTATE) 



BUSINESS 
MACHINE 



STANDARD 
INTERFACE TELETYPEWRITER MODEM 



REMARKS 



MILES 


FIRST MINUTE 


0-50 


.20 


51 - 110 


.25 


111 - 185 


.30 


186 - 280 


.35 


281 - 450 


.40 


451 - 800 


.45 


801 - 1300 


.50 


1301 - 2000 


.55 


2001 & up 


.60 



Notes: All rates are approximate and intended 
for information only. Rates do not 
include Federal Tax. 



Telex 

TELEX is a world-wide exchange teleprinter 
service offered domestically by Western Union and 
operates with baudot code at 66 words per minute. 
The method of operation is similar to that of TWX. 
Teleprinter is the Western Union equivalent term 
for the Bell System and the telephone companies 
teletypewriter. 




[} 



Q 



6 



Cys— 



Old stcindord TWX 
Arrangement with 
Business Machine 
connected 



Standard TWX' 
Arrangement 



New standord TWX 
Arrangement tor 
connecting Business 
Machine 



Extra Cost Switching 
Arrangement Permits STO 
TWX Terminal To Alternately 
Converse With a TWX' Station 



I- INVERTED MODE 



N- NORMAL MODE 



* THIS MODEM INCLUDES A Bl DIRECTIONAL SERIALIZER- DESERIALIZER. 
Figure 41. TWX & TWX' station arrangements 



Each station is equipped so the calling party 
or station can dial the called station's number. 
No more than 7 digits are required to reach any 
TELEX customer. There also are fewer interme- 
diate switching points , which make connection 
times faster than those of TWX. 

The biggest difference between TELEX and 
TWX is the method of charging for use of the 
service. Although the cost for both services is 
based on time and distance, there is no minimum 
TELEX period. Depending upon distance , each 
call is assigned a specific pulse rate., This rate 
is expressed as pulses per minute (PPM) and 
billing is based on the number of pulses used per 
month. On an 18 PPM call, if the connection 
lasted for only 1/2 minute, the customer would be 
charged for 9 pulses. Table 3 shows the pulse 
rates and equivalent cost for one minute calls of 
any distance. The montly service charge includes 
both the line and station equipment charges. 
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With TELEX, all stations are equipped for 
unattended operation. 

The TELEX billing arrangement offers 
several advantages - especially if messages are 
very short. In addition to paying only for what 
time he uses, the customer with heavy volumes 
(over 15 to 20 minutes/day) can take advantage of 
a discounted rate which applies to all pulses over 
3500 in a billing month. Business Machines con- 
nect through TELEX Interface units and can orig- 
inate and answer calls without human intervention. 

TELEX stations can interconnect directly with 
TELEX stations an5rwhere in the world without 
speed or code conversion. There are about 100, 000 
such terminals at present. 

TEL(T)TEX is a service whereby a TELEX 
subscriber can send regular telegrams to any non- 
TELEX subscriber in certain TEL(T)TEX equipped 
cities. It gives the customers station equipment a 
dual use and enables the subscriber to send his own 
telegrams at rates that are sometimes lower than 
regular telegram rates. However, not all TELEX 
cities are TEL(T)TEX cities. 

High Speed Offerings Operating at Low Speed 

The telephone companies, through use of a unique 
data set, provide a full duplex (FDX) data mode on 



the regular public exchange telephone system at up 
to 300 bps.The operation and rates remain the 
same. 

Western Union has a relatively low speed sched- 
ule in Broadband and Exchange Service for upi to 
600 bps in FDX mode. The operation is the same 
as in higher speed schedules except there is no 
alternate voice capability. The schedule alsci has 
a special set of rates. 

Private Line Services 

Teletypewriter Grade (dc) 

Both the telephone companies and Western Union 
offer this as both a service (with dc teletypewriters) 
and a channel (lines only). Because the dc teletype- 
writer machines operate at three discrete speeds, 
the carriers offer the service at these three speeds 
and the channels are offered at three equivalent 
maximum bit rates. These are 60, 75 and 100 wpm, 
and 45, 55 and 75 bps. The lease rates for these 
facilities are the same whether obtained as a 
service or as a channel, and from either carrier. 
They consist of three parts, as previously explained: 
an interexchange (or intercity) channel, channel 
terminal, and local channel. 

The basic rate is for the 60 and 75 wpm services, 
which have been combined. The 100 wpm service 



TABLE 3 

TELEX 
CIRCUIT USAGE CHARGES 



Miles 


Pulse Rate 
Pulses Per Minute (PPM) 


Equivalent Rate Per Minute** 


First 3500 Pulses 


All Pulses Over 3500 




5 


12.5^ 


7.5^ 


The U.S. is now divided 


7 


17.5 


10,5 


into 12 rate areas and 


9 


22.5 


13.5 


pulse rate applies from 


12 


30.0 


18.0 


rate area to rate area - 


15 


37.5 


22.5 


no longer dependent on 


18 


45.0 


27.0 


mileage. 


21 


52.5 


31.5 




24 


60.0 


36.0 



Rates do not include Federal Taxes. 

**First 3500 pulses in any month are billed at 2.5^ per pulse. 
All pulses over 3500 in any month are billed at 1.5<;i per pulse. 
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is generally 10% above the basic rate. Table 4 
shows these rates in detail. 

Teletypwriter service and channels are available 
only on a full time basis to most customers. There 
is another tariff offering, using an entirely different 
price structure, which offers part time channels and 
service to press customers. This special offering 
is beyond the scope of this book. 



When this facility is obtained as a service (with 
teletypewriters), both common carriers provide 
varieties of control systems to use with them. In 
general, these systems are based on the trans- 
mission of sequences of characters to indicate such 
events as: Start of Message, Address, Answer- 
back, End of Address, End of Message, etc. 
These systems are discussed in following sections. 



TABLE 4 
INTERSTATE PRIVATE LINE TELETYPEWRITER 
GRADE CHANNELS 

(Each link between two channel terminals is priced separately 

for mileage) 





MONTHLY 


COST 




AT&T Nomenclature 
Western Union Nomenclature 


Type 1002 

Schedule 1 or 2 

Class A&B 


Type 1005 

Schedule 3 

Class C 




HALF DUPLEX SERVICE 








a) Interexchange Channel 








Rate Per Mile For: 








First 250 miles (0-250) 


$1 .10 


$1.21 




Next 250 miles (251-500) 


.55 


.605 




Next 500 miles (501-1000) 


.44 


.484 




Next 500 miles (1001-1500) 


.385 


.424 




Thereafter (1501 & over) 


.385 


.424 




b) Channel Terminal 


12.50 


13.75 




c) Local Channel (Loop) 


6.70 


7.37 




FULL DUPLEX SERVICE 








a) Interexchange Channel 








Rate Per Mile for: 








First 250 miles (0-250) 


$1.21 


$1,331 




Next 250 miles (251-500) 


.605 


.666 




Next 500 miles (501-1000) 


.484 


.532 




Next 500 miles (1001-1500) 


.424 


.466 




Thereafter (1501 & over) 


.424 


.466 




b) Channel Terminal 


13.75 


15.13 




c) Local Channel (Loop) 


13.40 


14.74 
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Subvoice 



VOICE GRADE SERVICES 



Both Western Union and the telephone companies 
offer this facility as both a service (with teletype- 
writers) and a channel (lines only). As a service 
the facility operates within the speed limitation of 
the teletypewriter although the facility has a speed 
limitation of either 150 bps or 180 bps. The lease 
rates for these facilities are the same whether ob- 
tained as a service or as a channel, and from either 
carrier. They consist of three parts as previously 
ej^lained: An interexchange (or intercity) channel, 
channel terminal, and local channel. In addition, a 
station arrangement is required on each local chan- 
nel. Table 5 shows these rates in detail. 



This classification includes those facilities 
originally developed for use with telephone handsets, 
and today identifies a channel having a usable band- 
width of about 3000 cycles per second. 

Public Exchange 

Telephone System 

This facility is offered by the telephone companies 
and provides the basic residential and business tele- 
phones with which we are familiar. Connections can 
be established to almost any telephone in the world. 



TABLE 5 
INTERSTATE PRIVATE LINE SUBVOICE GRADE CHANNELS 

(Each link between two channel terminals is priced separately for mileage) 

AT&T - T5rpe 1006, Private Line Service maximum speed 150 bps 
WU - Class D, Service maximum speed 180 bps 



MONTHLY COST 





HDX 


FDX 


Interexchange Channel 






First 250 miles $1. 375 




$1. 513 


Next 250 miles . 688 




.757 


Next 500 miles . 550 




.605 


Over 1001 . 481 




.529 


Each Channel Terminal 15. 63 


17.19 


Each Local Channel 8. 38 


16.75 


Each Station Arrangement: 




AT&T Channels 


$25. 00 


WU send & receive stations 


13.75 


WU send only stations 


13.75 


WU receive only with WU machine 


5.25 


WU receive only with business machines 


6.25 


For AT&T Channels, specify one type of regenerator for each line: 


ASC II Type 11. bits/char. , llO bps 




BCD Type 9. bits/char. , 134. 49 bps 




Baudot Type 7. 42 bits/char. , 74. 2 bps 
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Every access to the telephone system is now a sub- 
scriber loop and there must be a telephone on that 
loop. All equipment directly attached to the loop 
(including data sets) must be provided by the common 
carrier. Because each telephone company provides 
this equipment, these rates are filed in intrastate 
tariffs rather than with the FCC. 

For data use of this facility, the telephone com- 
panies provide several data sets. Most telephone 
companies also require that data sets can only be 
attached to single party business lines. 

Monthly charges (other than equipment) , include 
a service charge (intrastate tariffs) based on the 
number of telephones that can be called toll-free and 
charges for each call to all other phones based on 
distance, length of call (with a 3 minute minimum), 
and time of day and day of week. 

The toll rates for interstate calls are shown in 
Table 6. Distances under 25 miles are subject to 
greater minimum times and range from 10 to 25 
cents . 

The United States and Canada have been divided 
into Numbering Plan Areas (now called Area Codes), 
as shown on the map in Figure 42. Each telephone 
line within an area has a 3 digit exchange number 
(may be alphameric) and a 4 digit line number. The 
resulting 10 digit number is therefore unique within 
the United States and Canada and permits direct 
distance dialing pDD) between dial equipped 
telephones . 

These facilities can be specially arranged for 
customers in several ways : 

PBX - A customer may have an interior tele- 
phone system in which certain (or all) interior 
telephones can be connected with the outside 
telephone system via a customer operator. 
Two varieties of this permit direct outward 
placing of calls, and direct inward calling 
(Centrex). The PBX system allows several 
customer locations to be interconnected into 



a decentralized interior system using the 
lines as in Figure 43. When such a system 
is completely dial operated, without operator 
intervention, it usually becomes a Common 
Control Switching Arrangement (CCSA) with 
many optional features beyond the scope of 
this book. Decentralized interior systems 
originally designed for voice may have to be 
upgraded before satisfactory data trans- 
mission can be accomplished. 

Foreign Exchange (FX) - A foreign exchange 
line is a combination of both exchange and 
private line services. It is a telephone con- 
nected to an exchange but located outside 
(foreign) of the geographical area served by 
exchange. Figure 44 is an example of a 
Philadelphia customer with a St. Louis FX 
line. The local exchange designation in 
Philadelphia is RI 3 and in St. Louis is SL 7. 
As seen by the sketch, the St. Louis telephone 
line SL7-1200 is in effect "stretched" to 
appear in Philadelphia. It is a St. Louis 
number served from St. Louis but its tele- 
phone is in Philadelphia. When Philadelphia 
picks up the telephone , the dial tone comes 
from St. Louis and with this line, all calls 
from Philadelphia to St. Louis are on a local 
charge basis. Conversely, all calls from 
St. Louis to Philadelphia on that particular 
line also are billed as local calls. The 
Philadelphia customer pays for the St. Louis 
business line plus the cost of the private voice 
grade line between the two cities. 



DATA-PHONE - When data transmission over 
the telephone system is desired, the telephone 
company supplies a data set and Bell System 
companies call such an arrangement DATA- 
PHONE. 
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TABLE 6 

STATION TO STATION TELEPHONE TOLL RATES 

(within Continental U. S. A. ) 



RATE TABLE - TWO-POINT SERVICE, PAID AND COLLECT RATES 


Rate 
Airline Miles 


Day 


Evening and Saturday 
6-8 PM 


Night and Sunday 
8 PM to 4:30 AM 


Over 


Up to and 
Including 


Init. 3 Min. 


Each Addi- 
tional Minute 


Init. 3 Min. 


Each Addi- 
tional Minute 


Init. 3 
Min. 


Each Addi- 
tional Minute 


Station 

to 
Station 




Ste.tion 

to 
Station 




Station 

to 
Station 


24 
30 
40 
55 


30 
40 
55 
70 


$ .30 
.35 
.40 
.45 




$.10 
.10 
.10 
.15 


$ .30 
.35 
.40 
.40 




$.10 
.10 
.10 
.10 


$ .30 
.35 
.40 
.40 


$.10 
.10 
.10 
.10 


70 

85 

100 

124 


85 
100 
124 
148 


.50 
.55 
.60 
.65 




.15 
.15 
.15 
.20 


.40 
.40 
.45 
.50 




.10 
.10 
.15 
.15 


.40 
.40 
.45 
.50 


.10 
.10 
.15 
.15 


148 
172 
196 
220 


172 
196 
220 
244 


.70 
.75 
.80 

.85 




.20 
.20 
.20 
.25 


.55 
.55 
.60 
.65 




.15 
.15 
.15 
.20 


.55 
.55 
.60 
.60 


.15 
.15 
. 15 
.15 


244 
268 
292 
316 


268 
292 
316 
354 


.90 

.95 

1.00 

1.05 




.25 
.25 
.25 
.30 


.70 
.70 
.75 
.80 




.20 
.20 
.20 
.20 


.60 
.60 
.60 
.60 


.15 
.15 
.15 
.15 


354 
392 
430 

468 


392 
430 
468 
506 


1.10 
1.15 
1.20 
1.25 




.30 
.30 
.30 
.30 


.85 
.85 
.85 
.90 




.25 
.25 
.25 
.25 


.65 
.65 
.65 
.65 


.20 
.20 
.20 
.20 


506 
544 
675 


544 
675 
800 


1.30 
1.35 
1.40 




.35 
.35 
.35 


.90 

.95 

1.00 




.25 
.25 
.25 


.65 
.65 
.70 


.20 
.20 
.20 


800 

925 

1050 

1175 


925 
1050 
1175 
1360 


1.45 
1.50 
1.55 
1.60 




.40 
.40 
.40 
.40 


1.05 
1.05 
1.10 
1.15 




.30 
.30 
.30 
.30 


.75 
.75 
.80 
.80 


.20 
.20 
.20 
.20 


1360 
1605 
1910 
2300 


1605 
1910 
2300 


1.70 
1.80 
1.90 
2.00 




.45 
.45 
.50 
.50 


1.20 
1.30 
1.40 
1.50 




.30 
.35 
.35 

.40 


.90 

.90 

1.00 

1.00 


.25 
.25 
.25 
.25 
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NUMBERING PLAN AREAS 
WITH CODES 



NEWFOUNDLAND 

709 

niNCE 
EDWARD 




Figure 42. Numbering plan areas with codes 



In addition to the mod-demod function of a 
data set, these also can automatically answer 
telephone calls in the data modes. Currently 
there are data sets available to operate, over a 
conventional telephone connection at serial speeds 
of: 300 bps max FDX, up to 1200 bps max HDX, 
and 2000 bps fixed HDX. In addition two parallel 
speeds of 20 char /sec maximum HDX and 75 char/ 
sec maximum HDX are available, as well as special 



analog units . A description of data set functions 
and examples is found in the Appendix. 

Automatic Calling Unit - To further automate 
data transmissions when computers are 
involved, an Automatic Calling Unit is avail- 
able which can accept information from a 
business machine, place a telephone call, and 
turn over the circuit to an associated data set. 



CITY 3 



EXTENSION 67 



CALLED STATION 




EXCHANGE CENTRAL OFFICE 



Figure 43. Tie line operation 



CALLING STATION 



SL7-1234 
SL7-3317 1 SL7-2468 




SL7-2946 SL7-1783 

ST. LOUIS 

Figure 44. Foreign exchange service 
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P 


-6827 
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RI3 


-9917 


c 

RI3 
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RI3-3418 

o 




I 








|SL7-1200 


J 






PHILADEPHIA 
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Wide Area Telephone Service (WATS) 

This facility is a special arrangement of both the 
access to the telephone system and the charges for 
using it. WATS is offered on an interstate basis by 
AT&T and nearly all other domestic United States 
telephone companies. It is offered, separately, on 
an intrastate basis in almost every state by the Bell 
System companies and nearly all other connecting 
companies . 

A WATS access line is permitted to place as 
many calls as desired, lasting as long as desired, 
to all the telephones in a specified geographical zone 
for either a fixed hourly rate (monthly minimum 15 
hours free) or a flat monthly charge. 

For interstate WATS, each state (or position of 
larger ones) considers the other 47 states assigned 
to one of six zones, where zone 1 is a band of 
nearby states , and zone 6 is a band of furthest away 
state as in Figure 45. Service to a specific zone 
includes service to all nearer zones so that zone 6 
always includes all the contiguous 47 other states. 
Interstate WATS always excludes service to the 
entire "home" state. Any calls placed on the access 
line to locations not covered by the specified zones 
are charged at regular toll rates (or such calls can 
be intercepted, optionally). 

The bands or zones have been designed on the 
basis of quantity of accessible phones as well as the 



distance to them. Therefore, the geographical sizes 
differ depending on home state. In addition to 
simplify the system, arbitrary boundaries were 
chosen to be state lines or area code boundaries 
for partial states. The inequities this caused are 
balanced by slightly differing rates depending on 
home state. 

WATS is a one-way originating service, requiring 
the subscriber to orginate all calls. Once the call 
is established, however, the facility is the same as 
regular telephone service. Person-to-Person, 
Collect, Conference, Credit, and third party calls 
are all prohibited. The same data sets as listed 
under telephone system are used for WATS. 

Intrastate WATS is the same as interstate excjept 
for definition of area served. A few states offer 
partial state coverage. 

Inward WATS is presently being offered in some 
states. This service allows incoming calls from the 
prescribed area to be charged at a flat rate by tlie 
subscriber. 

Broadband Exchange Service (BEX) 

This facility is offered by Western Union in and 
among certain cities in the United States. Dialed 
connections provide 4 wire FDX channels designed 
for data with alternate voice capability. In addition 
to 4-wire FDX capabilities two unique rate factors 



INTERSTATE CALLING AREAS 

KENTUCKY 




\^ ZONE 1 
mi ZONE 2 
ZONE 3 
ZONE 4 
^^ ZONE 5 
^ ZONE 6 



Figure 45. Sample wats map 
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are the ability to specify (in the dialed number) the 
bandwidth desired, and a 40% discount on the tolls 
over a fixed amount per month. Otherwise the 
facility is a straight toll call system with a one 
minute minimum. Bandwidths presently available 
are 2kc and 4kc , while 48kc is planned for future 
offering. 

For data transmission with computers, an auto- 
matic calling device is available, as well as auto- 
matic answering data sets. 

Private Line 

There is only one private line facility offered by the 
common carrier in the voice grade category. A 
voice grade channel similar in characteristics to 
the channel obtained by dialing a connection in the 
telephone system. For data use, special condition- 
ing equipment can permit greater speeds and/or 
less susceptibility to errors. Conditioned lines are 
described separately below. 

Voice Grade Channel 

A voice grade (telephone) leased line was originally 
offered by the telephone companies to be used in 
interior telephone systems as tie lines or trunks . 
These lines are now offered by common carriers 
for voice, or data, or alternate use. 

For data or alternate data/voice use, the data 
set may be provided by the common carrier or the 
customer. Although the carriers do not guarantee 
any particular performance on these lines (other 
than ability to transmit a voice signal), experience 
shows, they can average better than a long toll call 
due to reduced switching noise and variable cross 
talk. 

Western Union calls these lines Class G, and the 
telephone companies call them Schedule 4-Type 3002, 
when used for data or alternate. Data sets from 
common carriers are available for the following 
speeds: 300 bps maximum, 600 bps maximum, 
1000 bps maximum, 1200 bps maximum, 2000 bps 
fixed; 20 char /sec maximum, and 75 char/sec 
maximum. 

Higher speeds are shown in the next section on 
conditioned lines. Rates for ordinary voice grade 
lines are shown in Table 7 . Half Duplex rates also 
permit full duplex data, if possible on a two wire 
circuit. Full Duplex rates are charged when full 
duplex data or a 4 wire circuit are requli^ed . 

Conditioned Voice Grade Channels 

Both common carriers offer certain levels of guar- 
anteed specification limits, at extra cost per termi- 
nal per month. These specification limits refer to: 



Attenuation and frequency response, delay, and 
noise. Each more expensive level imposes tighter 
limits, permitting greater data speeds (less distor- 
tion) and/or better error performance (less noise 
and distortion). No equivalence between these 
advantages and the specific levels has been 
developed, however. Trial and error at installation 
is preferred by the carriers . IBM has specified a 
certain level for some of its teleprocessing equip- 
ment. The level names and equivalence between 
carriers is shown-in Table 7. 

Common carrier data sets for conditioned lines 
the same as for ordinary lines, with the exception 
that greater speeds are available. The 1000 bps 
maximum is good to 1800 bps maximum, and a 2400 
bps fixed and maximum is available. Commercial 
development of higher speed data sets by many non- 
carriers has concentrated on the use of conditioned 
voice grade lines. Speeds in the area of 4800 bps 
are presently possible with announced equipment. 

BROADBAND SERVICES 

These are facilities which physically use a channel 
of greater frequency bandwidth than a voice grade 
channel . 



Public Exchange 

No facility is presently offered, but Western Union's 
Broadband Exchange (explained under Voice Grade) 
is planned for 48kc operation. 



Private Line 

Both Western Union and the Bell System offer this 
facility as- TELPAK Broadband channels in the fol- 
lowing bandwidths : 

A - 48, 000 cps 
C - 240, 000 cps 
D - 1,000,000 cps 



These channels are Full Duplex and can be 
obtained arranged for digital data, for analog signal- 
ling or subdivided into lower speed channels. The 
subdivided mode is described in the section on 
Groups of Channels. 

Mileage rates for TELPAK channels are struc- 
tured much differently than lower grade lines. Each 
mile costs the same regardless of the length of the 
link. 
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The common carrier always provides termination 
equipment for these channels. Called a channel 
terminal, this includes the cost of a data set, 
voice coordinating channel, and local channel. A 
channel terminal charge is incurred for every termi- 
nal connected to the channel. There is no provision 
for extensions. 

GROUPS OF CHANNELS 

Common carriers provide arrangements for groups 
of private line channels that terminate in the same 
two locations. Called TELPAK, it is related to 



the broad band offering of the same name, but only 
because of the way the tariff was written. 

The basic building block of TELPAK groups is 
12 equivalent voice channels. Any lower grade 
private line channels may be grouped (but not mixed) 
into one equivalent voice channel as follows : 

Up to 12 Telegraph channels HDX or FDX 
per equivalent voice channel. 

Up to 6 class D channels HDX or FDX per 
equivalent voice channel. 

Up to 4 Schedule 3 A channels HDX or FDX 
per equivalent voice channel. 



TABLE 7 

VOICE GRADE INTERSTATE DATA CHANNELS 

Type 3002 
AT&T - Schedule 4, Type 4 
Wester Union - Class G 



Airline Miles 


$ Per Month 


Half Duplex 


Full Duplex 


0-250 
Next 250 
All over 500 


$ 2.02 
1.717 
1.616 


$ 2.222 
1 .888 
1.777 


Channels 
Terminals 

Local Channel 
Telephone Cos . 
Western Union 


$ 12.50 

12.50 
10.00 


$ 13.75 

17.50 
18.25 


Key for alternate data $15.00 



CHANNEL CONDITION CHARGES 



Western Union Name 


Class G 


Class E 


Class F 


Not Offered 


Telephone Company N. 


Type 4 
3002 


Type 4 A 
3003 


Type 4B 
3004 


Type 4C 
3005 












Point to Point 

Each Station 
Multi Point 

First station in an 

Exchange 


- 


$ 10.00 
20.00 


$ 37.50 
47.50* 


$ 56.00 
Not Offered 


Add'l Station in an 
Exchange 


- 


6.00 


20.00* 


20.00 



Note: Channel conditioning charges for duplex are same as for half duplex. 
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Broadband channels TELPAK A and C can also be 
obtained as equivalent voice channels as follows: 

Each TELPAK A broadband equals 12 
equivalent voice channels. 

Each TELPAK C broadband equals 60 
equivalent voice channels. 

Figure 46 shows a typical, two section Telpak 
group, and how the equivalent channels were 
determined. 

Some features and restrictions of Telpak groups 
are: 

Each subchannel maintains the same charac- 
teristics and rules as when obtained separately. 
This includes who provides data set, type of 
signalling, etc. 

The various subchannels in a group need not 
be physically part of a broadband channel. 



Indeed, they can exist in separate cables and 
follow different land routes. 

At extra cost, groups of equivalent channels 
can be switched from group use to single 
broadband use at control of customer. 

Customers in the same business who are 
regulated by the government may lump their 
requirements in order to take advantage of 
these rates. 

Each subchannel is Full Duplex and can be 
terminated as Half Duplex if desired. 



Channel terminals for channels of voice grade or 
lower grade provide just the functions of channel 
terminal and local channel in single private lines. 
Data sets, where needed, are available and priced 
as on single private lines. 
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8 + 3+1=12 


24 + 12 + 8 + 1 


= 45 
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Figure 46. Various telpak arrangements 
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TABLE 8 
TELEGRAPH LINE CONTROL SEQUENCES 



Signal Type 


AT&T 
83B2 
HDX 


WU 

115 

HDX 


AT&T 

FINAC 

FDX 


WU 
117 
FDX 


AT&T 
81D1 
FDX 


WU 

57 

FDX 


WU 

111 

Conten. 


Station Request to 
Send 


© 


© 


© 


© 


© 


Space 
or© 


3. Sec 
Open 


Polling Sequence 
Initial 
(from centi'al) 


EOM 


EOM 


© 


FIGS 
Z 


Blank 
.4 Sec 
Pause 
Space 


Y 


© 


Transmitter Start 
Code (from central) 


ALPHA 
MorG 


X 
ALPHA 


CR 
ALPHA 


ALPHA 


ALPHA 


ALPHA 


© 


Positive Response 
(from station) 


Msg 


Msg 


Msg 


Msg 


Msg 


Y 


© 


Negative Response 
(from station) 


Vor 
2 Sec 


Vor 10 
Sec 


1.0 
Sec 


Vor 2 
Sec 


Hor 

5 Sec 


Space 


© 


End of Polling 
(from central) 






© 


© 


2 LTRS 
.2 Sec 
Pause 


CR 


© 


Selection Sequence 
Initial SOM 
(from sender) 


LTRS 
LTRS 
LTRS 


LTRS 
LTRS 
LTRS 


LTRS 
LTRS 
LTRS 


FIGS 
H 

LTRS 
© 


FIGS 
H 

LTRS 
(optional) 


W 


LTRS 


Selection Code 
(from sender) 


ALPHA 
ALPHA 
LTRS 


ALPHA 
ALPHA 


(ALPHA) 
(option) 
ALPHA 
LTRS 


Q © 
3 LTRS 
2 ALPH 


ALPHA 
ALPHA 
LTRS 


ALPHA 
ALPHA 

© 


ALPHA 


Positive Response 
(from addressee) 


V 


V 


None 


V© 


None 


ALPHA 
(comple- 
ment of 
Selection 


None 


Negative Response 
(from addressee) 


10 Sec 


? 


None 


? © 


None 


? 


None 


End of Selection 
(from sender) 


CRLF 


Space 
CRLF 


CR 


Space 


CRLF 
LTRS 


Space 
Space 


CRLF 

Space 

LTRS 


EOM 


FIGS 
H LTRS 


FIGS 
H LTRS 


FIGS 
H LTRS 


FIGS 
H LTRS 


FIGS 
H LTRS 


FIGS 
H LTRS 


Not 
Fixed 


EOT 










EOM 

+ 
H LTRS 







GENERAL NOTES TO TABLE 8 

Polling Sequences normally include several 
TSC codes , each followed by a response , 
except as noted. 

The term ALPHA refers to any alphabetic 
character from the specific list for the par- 
ticular system. 



IN HDX systems, a message must start with 
a selection sequence, even if no selections are 
included. 



In FDX systems, a message from a station 
can only be sent to a central or control station. 
Messages to stations are only sent from the 
central or control station. 
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SPECIFIC NOTES TO TABLE 8 

(D station Request recognised only as the result 
of a poll. 

(2) This is a contention system - each station 
controls its own entry to the line using a Way 
Station Selector 7304, 

(3) A TSC is sent following every CR in the text. 
If there is traffic on the incoming line (no poll 
required), a BLANK is sent instead of the 
ALPHA. Terminals on this system automati- 
cally initiate a CR and LF when they receive 
a CR. 



(4) The TSC code unblinds all previously selected 
printers for continuing outgoing traffic; thus, 
each TSC must be preceded by FIGS Z , but 
no end-of-polling code is needed. 

(5) Each WU57 Selection -Code is always one 
alphabetic character repeated once. 

(e) Response to Selection is optional; a Q and 

three LTRS preceding the Selection Code will 
trigger the answer. Only the last Selection 
on each message can be required to answer 
back, and only one of a group c(xie. 

(7) Must precede the first message in each 
transmission. 



TABLE 9 
TERMINAL CONTROL SEQUENCES 





lOSO 


1060 


1070 


1030 


Polling Sequence 
Initial 
(from central) 


© 


© 


© 


© 


Transmitter 
Start Code 
(from central) 


ALPHA plus 
Component 
Selection Number 


A 
plus Component 
Selection Number 


ALPHAi 
or 2 


ALPHA 


Positive 
Response 
(from station) 


© 

TEXT 


© 

DATA 


© 

TEXT 
ALPHAi 


© 

DATA 


Negative 
Response 
(from station) 


© 


© 


© 


© 


End of Polling 
(from central) 


© 


None 


None 


None 


Addressing 
Sequence 
Initial 
(from central) 


© 


© 


© 
© 


© 
© 


Selection Code 
(from central) 


ALPHA 
plus Component 
Selection 


A 
plus Component 
Number 


ALPHA 
9 


ALPHA 

1 


Positive 
Response 
(from station) 


© 


© 


© 


© 


Negative 
Response 
(from station) 


© 


© 


~ 


© 


Response to 
Positive 
Response 
(from central) 


© 

TEXT 


TEXT 


© 

Q 
3 digit MTU address 

© 

TEXT 


© 

TEXT 


EOB 


© 


© 


© 


© 


Positive 
Response to 
EOB - LRC 


© 


© 


© 


© 


Negative 
Response to 
EOB - LRC 


© 


© 


© 


© 


EOT 


© 


None 


© 


© 
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COMMUNICATION SYSTEMS 



SWITCHING CONCEPTS 

In data communications the word switching denotes 
the routing of the intelligence that is to be trans- 
mitted. There are two types of switching, one that 
switches or changes the circuits involved to conform 
to the desired route or the intelligence is routed 
over different circuits to reach its destination. The 
telephone network is the best example of circuit 
switching and because it is the most common a good 
e3q)lanation of the network will give a basic under- 
standing of the switching concepts. 

TELEPHONE SWITCHING OR CIRCUIT SWITCHING 

Circuit or line switching does not require the re- 
ceipt and retransmittal of messages. A communica- 
tion center provides a connection between the 
terminals. ITie telephone system as described here 
is an example of circuit switching for voice com- 
munication. 

The early subscribers to telephone service had 
their telephone connected by separate wires to each 
of the other subscribers in their particular area. It 
was not permissable for them to converse with sub- 
scribers similarly connected in a remote town or 
city. 

Because each telephone was connected directly to 
all others, the network was called a non- switched 
network. (See Figure 47. ) All stations have the 
ability to communicate at the same time and for this 
reason, the network is called a non-blocking net- 
work. It is obvious, as the number of telephones 
grew, the non- switched system became impractical. 

The solution to expansion problems was to bring 
all subscriber lines to a central location where at- 
tendants could make the necessary wire connections 
between the calling and the called telephones. The 
process of manual interconnection is called manual 
switching and is performed by telephone operators. 

The place where all lines are brought for switch- 
ing is called a "central" office and this type network, 
illustrated by Figure 48 is called a switched network. 





Figme 47. Non-switched network 



Figure 48. Switched network 

All telephone calls handled at a central office 
either by operators or automatic equipment are 
called "exchange" calls. For this reason the tele- 
phone central office is often referred to as an ex- 
change. Exchange calls between subscribers in the 
same central office are called intra- office call si. 
These descriptive terms were coined before the turn 
of the century and are still found in use today. 

Central Offices resulted in economical intercon- 
nection of subscribers on an intra-office basis but 
did not permit calling subscribers served by other 
exchanges. These inter-office calls as the name 
implies were made by connecting central offices to- 
gether by a network of channels. The wires con- 
necting subscribers to a central office are called 
subscriber loops. Wires or circuits connecting 
central offices together are called trunks. 

For basically the same reasons that each sub- 
scriber could not have direct lines to all other sub- 
scribers in a telephone network, central offices 
cannot have direct trunks to all other central oj'fices. 
When the volume or number of calls (called traffic) 
between two central offices is large, it is routeid 
over a direct trunk. Direct trunks are called high 
usage trunks. When the traffic between two offices 
is small, it usually is routed over a series of 
separate trunks assembled together by switching 
equipment at intermediate offices, fecial inter- 
mediate offices used for switching toll facilities 
only are called Control Switching Points (CSP's) and 
their operation is shown in Figure 49. 

In calling from central office A to B, there may 
be occasions when the traffic will exceed the Kill 
carrying capacity of the direct trunks between A and 
B, When this occurs, the switching equipment at A 
will automatically attempt to complete the call by 
the connection made at the CSP. The two trunlcs 
connected via this office comprise an alternate trunk 
route. 



36 



Q ['NAL_ ROUTE 



\ 








B . , 

DIRECT (HIGH USAGE) ROUTE 

Figure 49. Trunk arrangements 



Alternate routing is the ability to automatically 
select a second or third "best way" to complete a 
call when the best (direct) route is busy. Most cen- 
tral offices and all control switching points have the 
ability to provide automatic alternate routing. When 
all alternate routes (there usually are several) have 
been selected and found busy, the final attempt is 
made on a "final" trunk group. If this final group is 
found busy, the caller is notified by a busy signal. 



Many times when a busy signal is heard while mak- 
ing a telephone call it possibly could be the result of 
trunks and not the called telephone being busy. 

As special intermediate routing offices only, the 
CSP's ordinarily serve no telephones — just trunks 
from other central offices. Precise routing patterns 
have been established for central offices, trunk 
groups, and CSP's. This overall plan from which 
all routes are assigned is called the toll switching 
plan and is illustrated by Figure 50. In addition to 
specif jdng routing patterns, all central offices and 
CSP's are categorized into five classes by function 
and area served. 

In completing a call, if the first choice (direct) 
route is found busy, the call will be automatically 
routed to the next higher step office in the switching 
chain. When calling from A to K (see Figure 50) , 
the routing would be ABC and then 1 to 4 in that 
order. If after these attempts, the call still was 
uncompleted, it would follow the final route (5) 
(indicated by solid lines) up one side of the chain and 
down the other. Because of the provisions of the 
toll switching plan, it is possible to haive eight inter- 
mediate switching points involved in completion of a 
call. When that many points are involved as many 
as 20 seconds or longer may be needed to complete 
a call after the last digit is dialed. Although this 
rarely happens this time takes on added importance 
when one considers some data messages are less 
than 30 seconds in length. 
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CALLING CUSTOMER 

Figure 50. General toll switching plan 
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In addition to the switching or connection time, it 
also takes about 15 seconds to dial a call manually. 
With standard rotary dials, this time will vary with 
the value of the digit dialed. For example, several 
ones could be dialed in the same time it takes to dial 
a nine or zero. Push button dialers will permit dial- 
ing 10 digits in 5 to 8 seconds and automatic calling 
devices are capable of reducing this time to less 
than 2 seconds „ 

It would serve no purpose to delve more deeply 
into alternate routing and the toll switching plan. It 
is important that these things be remembered — 
dialing and connection times may be as high as 
30-40 seconds and data can't be transmitted while 
the call is being established; and set-up time must 
always be considered in designing data communica- 
tion systems. 

As we learned earlier, trunks in a group can be 
wire, carrier, coaxial, microwave or a combination 
of all these facilities. A person making numerous 
calls to a distant telephone may never use the same 
communication channel twice. As a result of alter- 
nate routing, even different trunk groups would 
probably be used. With private lines, there is no 
routing involved because the circuit is dedicated for 
the customer's exclusive use. 

Intra-office calls are either manually or auto- 
matically switched. Manual central offices, for the 
most part, have been replaced by dial equipment but 
many businesses are still served by manual switch- 
boards. Manual switchboards have some character- 
istics which can make them unsuitable for handling 
data communications. Each station appears as a 
hole (called a jack) in multiple appearances on a 
switchboard. To complete a call, the operator 
simply plugs a cord into the called station jack. Be- 
fore actually plugging in the connection, however, 
the operator ordinarily tests for a busy condition 
by short circuiting the station jack with the cord. 
Ordinarily, if you were talking when this occurred, 
you would hear a crackle on the line which would be 
irritating but of minor consequence, however, this 
interruption could cause a considerable number of 
information bits to be lost. Should the cord be 
pulled down permanently, it would disconnect the 
call before it was completed. For these reasons, 
manual switchboards are not generally suitable for 
data transmission. 

Automatic switching equipment has been used on 
a large scale for over forty years. The older type 
equipment is generally more subject to the mtroduc- 
tion of errors in data communications than is newer 
equipment. The reason for this is older switching 
equipment (panel and step-by- step) is characterized 
by sliding contact switches. Improper adjustment 
or dirt could cause noise, interruptions or complete 
disconnects. Even activity in adjacent equipment 
may cause these problems. 



Modern switching equipment uses crosspoint con- 
nections rather than sliding contacts^ It also has 
more parallel switch contacts per connection than 
older equipment. Because of these two factors, it 
is less susceptible to dirt problems and adjacent 
switch activity. From a switching standpoint, 
offices of crossbar switching equipment are (juite 
reliable for data transmission. Switching equipment 
of the future will be all-electronic rather than 
electro-mechanical and promises even higher reli- 
ability for data communications. 

MESSAGE SWITCHING 

Message switching is the name given to the function 
of transferring messages on a store and forward 
basis from one circuit to another in a private; line 
system having multiple circuits. In a message 
switching system, the entire message is received at 
the communications center stored and later trans- 
mitted along the designated circuit. Any storage 
media is applicable to this "store and forward" 
concept. 

Teletypewriter Switching Methods 

The teletypewriter switching systems described here 
all have one common base, that is all storage is done 
in a paper tape media. The methods to be described 
here are manual, semi-automatic and fully auto- 
matic switching. All systems use private line 
facilities. 

Manual Torn- Tape Switching 

In a private line manual torn tape switching system , 
a station wishing to send a message or data to any 
other station in the network will always transmit the 
message to the communications center with the ap- 
propriate message origination and destination codes. 
The message is received in paper tape form at the 
communications center. An operator will manually 
tear the message off the receiving console and 
transfer it to an appropriate location in a tape stor- 
age rack as determined by the message destination. 
Sending operators will interpret the destination 
codes and then manually insert the tape in an outgo- 
ing transmitter which is connected to the circuit 
which must be used by the message to reach its final 
destination. 

Semi- Automatic Switching 

This system utilizes a continuous rather than a 
torn-tape operation. As before the destination code 
is placed in the heading of the message. Upon re- 
ceipt of a message at the communication center, the 
operator interprets the destination code, depresses 
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the pushbutton corresponding to the desired station 
and the message is then automatically transmitted. 
At the end of each message the transmitter will stop 
and signal the operator so that another message may 
be transmitted. 

Automatic Switching 

An automatic system places a greater responsibility 
upon the operator of the originating station. In the 
systems described above the routing and control in- 
formation was always visually interpreted by a 
switching operator. In the automatic system the 
sequence of codes and format must be machine in- 
terpreted and are subject to extremely rigid require- 
ments. The incoming message is automatically fed 
from the tape punch to the sensing pins of the reader. 
The sensing pins fed circuits which interpret the 
codes of the designated station and establishes the 
connection to the outgoing line. 

General Message Switching 

The methods of storage in the "store and forward" 
concept are changing to more flexible arrangements 
than are available in the paper tape switching sys- 
tems. Both special programmable transmission 
units and adaptations of general purpose computers 
are being used. These methods bring the ability to 
adapt and change to meet the growing, djmamic 
businesses of today. 

Selective Calling & Polling 

When more than two terminals are operating on the 
same channel, all stations will receive all messages 
and data unless provision is made to discriminate 
between the receiving parties. Conversely if all 
stations try to transmit it would be on a free-for-all 
basis (referred to as contention). To make certain 
that only the correct party receives a message, a 
method called selective calling is used whereby a 
station is operable only under certain selected con- 
ditions. To solve the contention problem a pro- 
cedure called polling (or invitation to send) is 
employed. Systems utilizing these features are 
complex and variable in design. 

Selective Calling is designed so that when the 
sending (calling) station precedes its message with 
a two- character code, only the machine assigned 
that code is set up to receive. In this way, the 
selecting device prevents stations on a multi- station 
line from getting unwanted traffic. 

A system used for solving the contention problem 
(several stations trjdng to send at the same time) 
incorporates a device which will automatically per- 
mit each station to send in turn. This is known as 



an automatic polling device. With this device, the 
communications center sends a code to start the first 
station. If the station has a message ready, trans- 
mission is begun. If there is none, the communica- 
tions center sends a code to test the next station. 
Each station in the network is checked in this man- 
ner. Polling may be on either a sequential or a 
priority basiSo In sequential polling, the communi- 
cations center tests the transmitters in sequence. 
After the last station has been polled, the cycle is 
started again. The polling sequence can be modified 
to interrogate active stations more often than others. 



Line Control 

Polling and selective calling systems use certain 
signals and procedures to insure the orderly and ef- 
ficient use of the data transmission system. This is 
called line control. Systems require different types 
of controls, depending on the comple;sdty of the net- 
work and the volume and type of traffic. This survey 
of line control is not definitive , nor is it oriented to- 
wards any particular system; it serves to introduce 
some factors to be considered in designing or under- 
standing the operation of a data transmission 
network. 

In forwarding data from one terminal to another, 
the receiving terminal must be tested to determine 
whether it is ready to accept a message. If the re- 
ceiving terminal is ready, the data is forwarded 
along with checking signals. During transmissions, 
the receiving station signals whether or not the data 
is being received properly„ At the end of the mes- 
sage, the circuit must be left clear for other traffic. 
Performing these functions involves addressing, 
terminal status , text signals and error controL 

So that the equipment may distinguish between 
various characters and sequences of characters 
different modes of operation are used. In general, 
two modes of operation are required;; one a text 
mode and a second called control mode. Control 
mode is used to allow the equipment to establish 
contact and operational status. A transmission or 
message consists of the addressing portion in the 
control mode and the data in the text mode. A mode 
change character or sequence is used to differentiate 
between control and text. All addressing is done in 
the control mode. 

To activate the stations and establish contact, 
each of the terminals is assigned a character or 
series of characters known as an address. Each 
device on the channel is equipped to decode the ad- 
dresses that are transmitted on the line and activate 
the devices when they are signalled. Selections can 
be made of whole terminal arrangements or specific 
components such as printers or card readers. 
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The terminals addressed may respond in the same 
(control) mode and indicate their status. The ad- 
dressed terminal can signal that it is ready to re- 
ceive, ready to send, not ready to receive, not 
ready to send, or it may not respond at all. If the 
power is not turned on at a terminal or the terminal 
is otherwise unable to respond, the sending station 
does not receive an answer, and starts a "time out" 
or waiting period. Depending on the system, this 
delay can be one second to two minutes long. The 
time out in- polling is usually very short to prevent 
blocking traffic. In the middle of a transmission, 
however, the waiting period would be longer to per- 
mit the terminal attendant to overcome the cause of 
the delay by such actions as clearing a card jam or 
replenishing the forms in a printer or slow on-line 
keying. 

Text. — Text signals are classified as data transmis- 
sion characters and text "answerback" signals. The 
characters from the sending terminal are used 
to convey the data, and sometimes include end-of- 
message signals, end-of-block signals, and charac- 
ters for redundancy checks. The text answerback 
signals from the receiving station include positive 
and negative signals indicating whether or not the 
preceding message or block of data was received 
properly,. If an answerback is not received, a time- 
out delay is initiated. 

Error Control. — In some systems, a longitudinal 
redundancy character (LRC) is sent after each block 
of information. Other systems may use only simple 
character parity or the more sophisticated t3^es of 
block checks. This is checked by the receiving sta- 
tion and the appropriate answerback signals, indi- 
cating correct or incorrect receipt, are returned. 
An incorrect transmission signal can be used to 
initiate the retransmittal of a block of data from the 
sending terminal 

LINE CONTROL SYSTEMS 

The following discussion of many of the line control 
services offered by the Telephone systems and 
Western Union is intended to be general in nature to 
acquaint the reader with some of the systems being 
offered by the common carriers. This is not in- 
tended to be an exhaustive listing or a detailed 
description of these systems and should not be con- 
sidered as a final authority. For detailed operating 
procedures of any system, the operating specifica- 
tions for that particular system should be obtained 
from the common carrier. In addition, to discuss 
a customer's system in any detail, a copy of his 
application specifications should be studied to iden- 
tify which of the optional features available are being 



employed in that system. Quite often details of any 
given system (81D1, for instance) vary from cus- 
tomer to customer. 

In general, line control systems fall into two 
categories: contention and centrally controlled., 
Contention involves each terminal bidding for the 
line, with no central control. Western Union's of- 
fering in the contention area is Plan 111. AT&T has 
no current contention offering, other than direct 
point-to-point hookup between two telegraph units. 
Central control implies the function of a mastei' 
station. In systems of more than one line, multiple 
master stations are located at a central point, i:orm- 
ing a switching center. Switching between lines is 
accomplished in a number of ways, the simplest of 
which is torn tape, where a complete message, 
punched in tape, is torn from a reperforator, the 
address is read from the tape, and the tape is in- 
serted by hand in the appropriate transmitter. 
Slightly more sophisticated are the directly con- 
nected reperforator-transmitters, where no manual 
handling of tape is required. As the systems become 
larger and more complex, some types of cross- 
office switching is provided, for example, cross-bar, 
electronic or computer. 

While realizing that teletypewriter equipment may 
be assembled in an almost infinite variety of ways, 
some of the more popular line control systems in 
use today are described briefly below. 

AT&T 81D1 



To illustrate message switching and line control 
concepts in practice the important parts of the oper- 
ation of an AT&T 81D1 system will be explained. 
The AT&T system functions in such a manner that a 
message may be sent from any sending teletype- 
writer and recorded on any desired receiving tele- 
typewriter or group of teletypewriters in a network 
without requiring manual handling or operating atten- 
tion other than the original perforation of tape at the 
sending station and the removal of the typed message 
from the receiving machine or machines to whicsh it 
was directed. The switching operations are entirely 
automatic and are under the control of directing 
characters punched at the head of each message in 
the original transmitting tape and end- of- message 
characters punched at the end of each message. 

Individual line circuits are full duplex and may be 
operated at either 60, 75, or 100 words per minute. 

Different sizes of switching offices, the numlaer 
of switching offices in a system, the number of 
trunks between switching offices , the number of sta- 
tions in a system, the amount of traffic for local 
delivery in the vicinity of a switching office, the 
quantity of multiple-address traffic, and a numbier of 
other variations all must be considered when a sys- 
tem is designed. 
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General Method of Operation 

Each station in the system is assigned a two- letter 
code. In order to direct a message from any sending 
station in the system to any receiving station, the 
operator perforates in the sending tape the two- 
character code of the desired station, followed by a 
"Letters" signal. The message is perforated in a 
tape at the station, preceded by the two-character 
code of the station of destination and followed by the 
characters "Figures", H, "Letters", which indicate 
the end of a message. 

This tape is placed in the transmitter- distributor. 
No further action regarding this message is required 
on the part of the station operator. 

The switching point serving this station polls the 
station and perforates the message in a tape on the 
receiving side of the reperforator-transmitter at the 
switching office. 

The reperforator-transmitter is the heart of the 
switching system. This machine consists essentially 
of two parts, a receiver which perforates and prints 
tape identical with the tape made at the sending sta- 
tion, and a transmitter which transmits the signals 
represented by the perforations in the tape. Special 
tape feedout arrangements to clear messages from 
the transmitter are not required. The transmitting 
portion of the machine is arranged so that the read- 
ing of the perforated holes and the actual transmis- 
sion can be controlled independently from external 
circuits when desired. 

The presence of tape perforated with characters 
in the receiving side of a reperforator-transmitter 
brings into action an associated director circuit. 
The director circuit causes the reperforator- 
transmitter to read the first two characters, which 
are the code of the station of destination. These two 
characters are decoded by the director circuit to in- 
dicate the outlet of the switching office over which 
the desired station may be reached. 



Outgoing Multistation Lines 



test until one of the machines becomes idle. As soon 
a& one of the machines becomes idle, the sending 
side of the reperforator-transmitter of the incoming 
line is connected to the receiving side of the outgoing 
line machine by means of the sequence circuit and 
the crossbar switches of the link circuit. The use of 
the sequence circuit prevents more than one connec- 
tion from being made through the cross-bar switches 
during the brief period while the connection is being 
established, but simultaneous connections up to the 
capacity of the switches may exist at one time. 

When a connection is made from an incoming line 
circuit to an outgoing line circuit, this connection is 
known as a cross-office connection. The directing 
code and the message are reperforated in the ma- 
chine of the outgoing line. When the director detects 
the "Figures", H, "Letters" characters at the end of 
the message, the cross-office connection is released. 

The outgoing line circuit is arranged to deliver 
the traffic on an alternate basis, so that traffic de- 
livered to one machine will not receive preference in 
transmission over that in the other. The stations 
connected to a multistation line are equipped with a 
station control circuit including a selector unit, 
which is a motor- driven mechanical device for clos- 
ing and locking a contact upon the reception of a 
number of characters received in a given sequence 
order. For example , a station is coded on a two- 
character basis and to connect a given station the 
characters must be received in a given call directing 
code (CDC). 

When therefore, the coding characters are sent 
to the line by the outgoing line circuit, the proper 
station is connected and the "Carriage Return" 
"Line Feed" signals, which precede the text of the 
message, will deactivate the selector units so that 
they will not respond to two-character combinations 
in the message text that might connect other stations. 
The "Figures", H, "Letters" characters at the end 
of the message will disconnect the station and reac- 
tivate the selector units. 

A station control circuit may control up to three 
receivers. 



It will be assumed that the station of destination is lo- 
cated on a multistation line. A multistation line may 
have up to ten receiving stations. The outgoing cir- 
cuit is equipped with two reperforator-transmitters. 
The use of two machines in connection with an out- 
going line materially cuts down the time this outlet 
will appear busy to cross-office circuits and permits 
clearing switching center queues faster. 

When the director determines the outlet for the 
desired station, it tests the outgoing line circuit for 
the availability of the receiving side of one of the 
outlets reperforator-transmitters. If both machines 
are busy, the director circuit waits, maintaining its 



Outgoing Single- Station Lines 

If the traffic to a receiving station is very heavy, the 
same type of outgoing line circuit is used, but the 
line is equipped with only one receiving station, and 
does not require a station control circuit. 

Outgoing Single Trunk 

The system is not limited to one switching office, 
but may have as many as desired. The number of 
switching offices is determined by the proper balance 
between the cost of switching equipment and the cost 
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of lines. Messages received at a switching office 
are delivered to another switching office over trunks. 
The single outgoing trunk circuit is arranged to de- 
liver its traffic over a trunk to another switching 
point. 

Outgoing Multichannel Trunks 

The traffic between switching offices may be heavy- 
enough so that one trunk does not provide adequate 
capacity. In this case a multichannel trunk circuit 
which may have a minimum of two and a maximum 
of ten trunks is used. Reperforator-transmitters 
are not used in this case as the trunks themselves 
provide the required multiple switching paths. The 
speed of transmission over the trunk must be the 
same as the cross-office speed, which is 100 words 
a minute. 

Connections from an incoming line to an outgoing 
trunk is made on a "first idle trunk" basis. 

Sending from Multistation Lines 

In the previous discussion traffic was introduced into 
the system from a line equipped with only one station. 
It will be noted that all lines are full duplex, permit- 
ting simultaneous transmission both to and from 
stations on a line. 

Multistation lines may be equipped with up to ten 
sending stations, as well as ten receiving stations. 
Since only one sending station may send at a given 
time, sending is controlled by a transmitter- start 
circuit associated with the outgoing line. Each 
transmitter on the line is assigned a single- character 
transmitter- start code which, when sent over the 
line preceded by a specific pattern, causes the trans- 
mitter at a given station, to start sending, if ready. 

Upon termination of sending from any station on a 
multistation line, the transmitter- start circuit takes 
control of the outgoing line circuit and stops out- 
going transmission. This stoppage may take place 
any time the text of a message is being sent or be- 
tween outgoing messages. A pattern is then sent out 
("Blank", a pause, "Space") which cuts off the re- 
ceivers connected to the line without mutilating the 
copy being received and conditions the station control 
circuits to control their transmitters. The 
transmitter- start circuit then sends the start char- 
acter for the transmitter next in sequence. If this 
next station has traffic, transmission will begin and 
the receivers that were cut off will be restored. If 
it has no traffic, the next transmitter in sequence 
will be tried, and so on until traffic has been found 
at some station or until all have been tested without 
finding traffic. In the latter case the circuit waits 
for a predetermined interval, which must be chosen 
to suit system requirements before again starting to 
test stations for traffic. 



Each message in the tape at the sending station is 
terminated by "Figures", H, "Letters" which indi- 
cates the end of a message. However, it may not be 
economical to limit a transmission from a station to 
one message. The station operators therefore are 
instructed by the customer regarding the maximium 
number of messages that may be included in a trans- 
mission. This number may be different for each 
station depending on traffic needs. Following the 
allowed number of messages, each ending with 
"Figures", H, "Letters", the sequence H "Letters" 
is inserted. These characters indicate the end of 
transmission from the station. The transmitter- 
start circuit then polls the next station on the line. 

Multiple Address 

Traffic consisting of messages introduced at a send- 
ing point to be delivered to a multiplicity of rec(5iving 
stations in the system is handled by a multiple- 
address circuit. 

When a sending operator prepares a message for 
delivery to a number of stations, a two-character 
multiple- address code is perforated in the tape. 
The operator follows this specific multiple-addi-ess 
code by the codes of the stations of destination. 
There is no limit to the number of station codes that 
may be inserted. The multiple-address code in- 
structs the director at the switching office involved 
to deliver the message to one of two reperforator- 
transmitters associated with the multiple address 
circuit. The whole message, including addresses 
and text, is perforated in one of the machines of the 
multiple- address circuit. 

The multiple-address circuit is equipped with a 
special type of director which discards the multiple- 
address code and then starts reading the individual 
codes. 

Assume the first code is for a station on the out- 
going line. Then the reading of the address by the 
multiple-address director indicates that this partic- 
ular outlet is required, and a bid is made to the 
outlet. If one of the outgoing line machines is idle, 
it is connected to the multiple-address circuit. This 
causes the multiple-address director to send the 
code to the connected machine of the outlet and then, 
without disconnecting from it, to blind the transmis- 
sion path to additional addresses codes in the mes- 
sage header. The second address is then read and 
connection to another outlet made in the same man- 
ner. If another address is for an outlet already 
connected, the transmission path is unblinded, the 
new address is transmitted, and the transmission 
path again is blinded so that both addresses on the 
same line will receive the message. In like manner, 
all of the address are read and the required outlets 
connected by means of multiple transmission paths. 
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If an address calls for transmission to another 
switching office, then a trunk is connected. In con- 
necting to a trunk, it is necessary to indicate to that 
trunk that this is a multiple- address message, so 
that it can be handled via the multiple- address mes- 
sage circuit in the next office. When the connection 
is made to a trunk for the first time, the multiple- 
address director inserts a multiple-address code 
ahead of the first address. 

When all addresses have been read and sent to the 
various outlets, the "Carriage Return", "Line Feed" 
signals preceding the text are read, which causes all 
the connected outlets to be set in a printing condition, 
and the text of the message to be sent to all outlets 
simultaneously. The "Figures", H, "Letters" char- 
acters following the message text releases the 
connections. 

Group Code 

Part of the multiple- address traffic of many cus- 
tomers includes many messages which are sent to 
the same group of stations as a matter of routine. 
Considerable saving in operating time and better 
accuracy is obtained by assigning each of these 
groups a two-character code. When such a code is 
encountered by the multiple-address director, a 
group code circuit is called into action, and makes a 
simultaneous bid to all outlets concerned. When all 
the outlets involved have been connected, the 
multiple- address director sends the group code and 
the message to all these outlets. 

Intercept 

Different opening and closing times of stations be- 
cause of time-zone differences or shutdown of sta- 
tions for holidays or maintenance makes it desirable 
to have a means of intercepting messages bound for 
such a station or stations for late delivery. Such a 
device, the willful intercept circuit which may have 
one or two receiving paths, is provided at the switch- 
ing office for the interception of single-address mes- 
sages. The operation of keys diverts the traffic to 
be intercepted to this circuit. At a later time, this 
traffic which it stores in a reperforator-transmitter 
can be re-entered into the system automatically by 
means of its associated director. 

Multiple-address messages which use individual 
station codes are intercepted on typing reperforators 
by the multiple-address intercept circuit. 

Another type of interception is necessary to take 
care of unas signed codes which may occur from 
errors on the part of the operators or troubles in 
transmission. When an unassigned or mutilated 
code is encountered by either a regular director or a 



multiple- address director, a miscellaneous inter-r- 
cept circuit is called in, which records the addresses 
and text on a ts^ping reperforator. Any traffic re- 
corded on this circuit has its addresses corrected 
by the switching office attendants and is re-entered 
into the system at an originating station. 

Other Line Control Systems. 

The most popular half duplex offerings by the com- 
mon carriers will be briefly described below. 

AT&T 83B Type Equipment 

The AT&T 83B series is a half duplex 100 wpm pri- 
vate teletype selective calling system which consists 
of three versions - 83B1, 83B2 and 83B3. The 83B2 
system provides a transmitter start circuit for each 
multistation line which controls the station that will 
transmit on the line. The sequence in which the 
stations are permitted to transmit can be fixed by 
the customer. 

Each 83B line provides for switching of mes- 
sages between stations on one line. In order to pro- 
vide the switching between 83 B 2 lines, additional 
equipment is required. The maximum number of 
83B lines which can automatically switch messages 
from line to line is nine. 

The 83B station consists of a Model 28 automatic 
send and receive teletypewriter, a station control 
unit and stunt box. There can be up to forty stations 
on the line, but as always, the limit is determined by 
the application and traffic. 

The stunt box performs the control functions for 
the teletsrpewriter such as carriage return, line feed, 
figures and letters shift. In addition, to these func- 
tions, the stunt box is equipped to recognize call 
directing codes (CDC) which will allow a message 
transmitted on the line to be printed on the ASR 
printer. The station control unit performs the func- 
tion of recognizing transmitter start codes (TSC) 
from the transmitter start circuit and starts the 
teletypewriter transmitter. 

One of the 83B stations is designated as the con- 
trol station. In addition to the reguLar station 
equipment, the control station is equipped with a 
transmitter start circuit. The transmitter start 
circuit sequentially transmits the transmitter start 
codes (TSC) when a message is not being transmitted. 

Western Union Plan 115 

The Western Union Plan 115 Automatic Send Control 
System provides for the maximum utilization of a 
two-way, half duplex multipoint circuit on an 
automatically- selected, point-to-point transmission 
basis. 
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The system can operate at speeds of 60, 75, or 
100 words per minute with as many as twenty sta- 
tions on one circuit. However, fewer stations may 
produce better results, depending on the number and 
type of messages originated by, and transmitted to 
each station. 

The system provides for continuous automatic 
transmission of an "invitation-to-send" sequence to 
each of the operating stations. If, when invited, a 
particular station has tape in the transmitter and is 
prepared to send, transmission will start auto- 
matically. If there are no messages in the trans- 
mitter, then the letter "V" is returned from the 
invited station indicating that no message is awaiting 
transmission. After completion of the invitation 
cycle, the canvassing reverts to the beginning of 
the pattern. 

The number of appearances of each station in an 
invifaitlon cycle for a line can be arranged to provide 
for differences in traffic volume at the stations. A 
station can appear more frequently than another as 
long as all appearances in each cycle for all stations 
does not exceed twenty. Provisions have also been 
made so that the order in which stations appear in 
the polling pattern can be readily changed by the con- 
trol station operator. When such a change is made, 
the order of appearances of the stations is rear- 
ranged to reflect changes in message volume. 

When the operator has a message to transmit, it 
is prepared in perforated tape form and placed under 
the transmitter latch. When the control units send 
out the invitation-to-send signal to the station, the 
received signal activates the station and starts the 
transmitter. The message address in the tape is 
read and the desired station is selected. After the 
answer-back is received from the station the mes- 
sage is transmitted through to the end-of-message 
signal. The coded end-of-transmission signal con- 
tained in the message tape will be recognized by the 
control unit and will restart the invitation cycle. 
The invitation-to-send sequence is then transmitted 
to the line to invite the next station in the call 
sequence. 

\A^en a calling station has selected a particular 
destination station to receive a message, the selected 
station returns a "V" answer-back indicating that the 
station is ready to receive a message. Upon receipt 
of the answer-back the station requests an answer- 
back from any additional addresses in the tape, if 
any. After the final addressee has been selected, 
the message is transmitted. 

A station may transmit to any other station or 
stations on the circuit, or to all of them simultane- 
ously if so required. The operator at the control 
point, which is usually the main office of the cus- 
tomer, has the ability to pre-empt the circuit for 
transmission of priority messages. The control 



station equipment is arranged so that a station does 
not lose its turn to send in the invitation pattern as 
a result of a pre-empt. 



COMPUTER MESSAGE CONTROL CONCEPTS 

A message control system is a combination of 
methods and equipment to provide accuracy, speed 
and economy in internal communications, and is 
illustrated in Figure 51. Some of the system advan- 
tages are: 

• Messages are accepted from each location under 
the control of the communication center. If a desti- 
nation terminal is busy, the center holds the message 
until it can be transmitted. 

• The destination address of each message is 
checked by the control center for accuracy. 

• The receiving terminal produces a printed copy 
of the message, ready for delivery and timely action, 
without interrupting the recipient's activities. 

• The printed message is a convenient reference 
when reviewing records and correspondence. 

• All messages are conveniently numbered and 
dated for ready reference. The control center pro- 
vides this identification, and will, on request, for- 
ward a duplicate of any message from its files. 

• One message maybe sent to all terminals, se- 
lected terminals, or a single terminal. The control 
center, under program control, retains the message 
and forwards it to each address designated as the 
respective terminals become available to receive 
messages. 

• Individual terminals can be selected according 
to application requirements. 

• Messages can be automatically edited at the con- 
trol center, with information added or deleted, or 
with format changed, 

• Messages are protected in the event of compo- 
nent failure. 

• The control center operator is automatically ad- 
vised when a malfunction in the system occurs. 

• A data processing system can be incorp>orated 
in the system. 

The Message Control Center 

Since all messages moving from one terminal to 
another pass through the control center, the* system 
operations and organization will be described from 
this viewpoint. 

The control center, consisting of equipment oper- 
ating under the direction of a stored program , super- 
vises the operation of the system. Signals are 
accepted from and transmitted to a number of remote 
terminals simultaneously over communications lines. 
The signals received at the center are converted to 
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messages and stored in a direct-access file for re- 
tention until the destination terminals are ready to 
receive them„ 

The basic control center functions are described 
in the following sections„ The flexibility of the 
equipment and stored-program control enables the 
user to determine optional handling for messages 
and/br data to suit individual operating requirements. 



Message Identification 

Messages may be identified by one or more factors, 
such as origin, destination, type, date, and one or 
more numbers. This facilitates processing and as- 
sures control over all messages at all times. 

The control center verifies and assigns sequence 
numbers for each terminal in the network. One 
routine checks the incoming sequence number for 
each message, and another routine assigns an out- 
going sequence number for each message. This 
provides a check that every message received was 
processed, and permits retrieval of messages ac- 
cording to incoming or outgoing sequence number. 

Today's messages from online storage maybe 
identified merely by sequence number. Older mes- 
sages require identification by sequence number and 
date. 



Message Routing 

Message routing is the major function of the control 
center. The control center analyzes the header 
(address portion) of a message, determines the 
proper outgoing line, and directs the message to its 
destination. 

The destination code in the message header, pro- 
vided by the sending terminal, is a unique address, 
recognizable by the destination terminal on a multi- 
station line. The program used by the control cen- 
ter handles four different tjrpes of messages: 

A single-address message, after header analysis, 
is placed in the appropriate queue for transmission 
to its destination. 

A multiple- address message, after header analy- 
sis, is converted into several single-address mes- 
sages, one for each address given by the sending 
terminal. This reduces the time required for the 
originating terminal to send the message, and the 
line time required between the originating terminal 
and the control center. 

A group- address message contains a code direct- 
ing the message to a predetermined group of termi- 
nals in the system, such as all sales offices. The 
group code eliminates the need for providing the 
address of each receiving terminal in the original 
message. 
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A broadcast message is sent to every terminal in 
the system. A code in the message header is recog- 
nized by the program, which takes appropriate action 
to place the message in queue for each terminal. 

Message Queuing 

Message queuing is a technique that provides for 
holding messages in a waiting area within the control 
center until they can be forwarded to their destina- 
tion. Since the arrival of messages at the control 
center is random in nature, there are times when 
several messages are ready to be forwarded to a 
single terminal, or to several terminals on the same 
line. This causes a waiting line, or queue, to be 
formed. 

Queuing permits high line-utilization and more 
economical networks because of its leveling effect 
on traffic peaks. When traffic arrives at the center, 
and the destination terminal is busy, the traffic is 
put in line for subsequent transmission. This frees 
the sending terminal and its line to the center for 
other traffic. When a destination terminal and line 
become available, the control center forwards mes- 
sages that have been waiting. 

The availability of random access storage offers 
significant cost and performance advantages in queue 
handling,. While core storage provides random 
access capabilities, the most practical approach is 
a combination of core storage and large- capacity 
random access equipment. 

Message queuing may be handled in several ways 
within the control center. The approach used de- 
pends on an analysis of message traffic. 

1. Organization by outgoing terminal. This 
method~of queue organization is based on reserving 
an area in core storage in the communication control 
equipment for each output terminal. Messages are 
queued according to the destination terminal. This 
approach is advantageous when message lengths are 
relatively unpredictable and long messages must be 
segmented into several parts for storage on a disk 
file. Message segments are sequentially entered on 
and retrieved from the disk file, reducing file 
searching time. 

2. Organization by outgoing line. This method of 
queue organization requires an area in core storage 
for each outgoing line. Since each line is normally 
shared by several terminals, the number of re- 
served areas in core storage is less than in organi- 
zation by outgoing terminal. 

3. Organization by incoming line or terminals. 
File organization based on the originating terminal 
or line is advantageous in special applications and 
message retrieval. In most applications, however, 
queues are organized according to destination. 



Terminal and Line Control 

In a message control network, each communications 
line to the control center is shared by many termi- 
nals. Since only one terminal can use a line at a 
given time, terminals will contend for the use of the 
line, or else some form of supervision will be re- 
quired. The control of the lines and terminals is a 
function of the control center. 

Polling is the systematic interrogation of teimi- 
nals in the network by the control center. Each 
terminal has a unique address, and can be started 
and stopped by the control center. A table of tesrmi- 
nal addresses is used by the center as a polling 
sequence. When a terminal is polled, a signal is 
sent back to the control center indicating the status 
of the terminal. This response, known as an 
answerback, indicates that the terminal is ready to 
send, ready to receive, or not ready to send or re- 
ceive. The control center, in response to the an- 
swerback, accepts messages that are ready, sends 
messages that have been waiting at the center, and 
proceeds to poll the next terminal. 

With terminal and line control responsibility, the 
control center can restrict or stop polling when nec- 
essary. For example, if during the normal op(3ra- 
tional day a momentary burst of traffic exceedsi the 
handling and queuing capacity of the system, the 
control center recognizes this overload and restricts 
polling to limit the number of incoming messages. 
This procedure allows the total systems traffic to be 
processed, although some delays will be encountered 
during this period because of the system's "flattening" 
of the traffic peaks. 



Speed and Code Conversion 

Messages are received at the control center in the 
form of data bits arriving over the communications 
lines at the lines rated bit-per- second speed. These 
bits are assembled into characters, and subsequently 
into messages. When a message is retrieved from 
the disk file, the processing in core storage in(3ludes 
disassembling the message characters into bitsi for 
transmission. 

The conversion of bits to characters and charac- 
ters to bits provides the ability to receive a message 
in one transmission code at a certain number of bits 
per second, and to send the message in another 
transmission code at a different bit-per-second rate. 

This ability allows a wide choice of terminals in 
the network and the use of lines suited to the mes- 
sage traffic load. 
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Message Intercept 

When the control center receives a message with an 
incorrect header or nonexistent terminal address in 
the header, the program may provide for: 

1. Advising the originating terminal of the error 
and requesting retransmission of the entire message, 

2. Retention of the message until a correct 
header is received from the originating terminal. 

3. Routing the message to a central point for 
correction. 

Willful Intercept 

When a terminal in a network is inoperative, mes- 
sages directed to it must be routed to an alternate 
terminal or retained in the control center until they 
can be forwarded. This interception is usually re- 
quired when a network crosses a time zone and some 
terminals start operations later than others. Holi- 
days, plant vacations, local policy on weekend opera- 
tions, and equipment malfunctions require messages 
to be intercepted. 

Editing 

Editing is the process by which the control center 
alters the content and/or format of a message by 
rearrangement, additions or deletions. The simplest 
form of editing is to enter the date and the control 
center message number. 

Editing can reduce transmission time in some in- 
stances. For example, a report or tabulation may 
be received in large blocks over a high-speed line, 
and rearranged, with the proper headings inserted, 
for transmission over a low-speed line to a page 
printer. In this way, reports reach the control cen- 
ter in an abbreviated format and are then edited and 
forwarded so that the destination terminal receives 
a completed report in the proper format. 

Editing may include the insertion or deletion of 
control characters when a message is originated at 
one type of terminal and received at another. 

Priority Handling 

Priority is the classification of messages at the 
sending terminal in an order of precedence, which 
determines the order in which the messages will be 
handled upon arrival at the control center. A high 
priority enables a message to bypass others in queue, 
and to be transmitted to its destination before other 
waiting traffic . If the capacity of the system is such 
that there are no queues, priority is not required. 

A priority code in a message is recognized at 
the control center and interpreted in order to take 
proper action in transmittiag the message to the 



outgoing line. The control center must poll the 
terminals in such a manner that priority traffic is 
handled before regular traffic. On outgoing lines, 
priority requires the control center to place the 
message at the head of its outgoing queue. 

There are several methods for handling priority 
messages: 

1. Flagging. — Priority traffic can be flagged 
during the header analysis and before the placement 
of the message in the queue. On testing the queue 
for traffic to be transmitted, the queue can be 
scanned for priority traffic to be sent before normal 
messages. 

2. Retention of priority addresses in core 
storage. — In this method, a priority message is 
placed in its normal queue position, but the sequence 
number and address location of the message are 
retained in core storage. 

3. Transmission prior to logging. -- This method 
is based upon recognizing that a message is a pri- 
ority type. The message is transmitted to its desti- 
nation immediately and logged afterwards. 

4. Priority queues. — In this method special 
queues are established for priority traffic. 

The specific approach to be used in a given sys- 
tem should feature a balance between performance 
and cost in terms of line utilization and storage 
availability. 

Long-Term Message Filing 

Long-term message filing is the orderly storing of 
all messages transmitted through the system. This 
file may be permanent or may be maintained for 
short durations. To implement long-term message 
filing, the control center must store complete mes- 
sages for the specified period in some accessible 
file, and have some means of efficiently recovering 
individual messages. The subsequent transmission 
of retrieved messages can place an additional traffic 
burden on the system. Long-term message filing 
permits the terminals to retrieve messages which 
may have been lost or which may require additional 
transmissions. In many cases the technique also 
eliminates the need for terminals to retain a perma- 
nent traffic record. 

Message retention may be selective or include the 
complete text of every message. Compression 
techniques can be used after normal operating hours 
to conserve space on disk packs or other storage 
devices. 

Message Retrieval 

Message retrieval is the process of searching a file 
for a specific message and transmitting it to the 
requesting location. The control center supervisor 
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can be advised of all retrieval requests to prevent 
unauthorized or unnecessary use of this function. 
In order to satisfy some needs for security, a 
terminal may be restricted by the program to the re- 
trieval of messages which it originated or received. 

Data Protection 

Protection against the loss of messages due to sys- 
tem failure is afforded through the application of 
data protection techniques and restart procedures. 
When a terminal does not respond, or when an ex- 
cessive amount of retransmission is required over a 
certain line, the system must provide a notification 
to the supervisor. In the event of a serious mal- 
function or power failure , the control system re- 
quires a restart procedure. 

The restart is based on a complete checkpoint 
record written on a peripheral device such as a disk 
file. The checkpoint record, written at intervals, 
is a complete record of all messages, counters, 
logs, and status indicators in the system at that 
time. When a restart is necessary, the checkpoint 
record is used to restore the system to its condition 
at the time the checkpoint record was written. 
Each terminal is advised of the restart, and the 
number of the last message properly received from 
the terminal at the time of the checkpoint. Subse- 
quent messages are retransmitted, and the system 
is again operational. 



To give the terminal operator some degree of 
assurance that the message is being properly re- 
ceived by the control center, it is desirable for the 
terminal to recognize a "message correctly received" 
response from the control center. Where error de- 
tection and correction cannot be provided, some 
acknowledgment from the control center, whi(;h in- 
dicates that it has received a message or that it is 
still on line , should be sent at the end of the termi- 
nal' s transmission. The user must be willing to 
allot some portion of his line time for acknowledg- 
ment signals in order to obtain the benefits of error 
checking. 

Cost factors dictate whether errors in admin- 
istrative traffic should be allowed to go undetescted. 
In most administrative messages the reader can 
usually correct minor errors mentally^ Howesver, 
where large amounts of important numerical infor- 
mation are being transmitted, a communications 
channel error could be serious. The impact of 
numerical errors should be weighed against the 
economics of specifying extensive error detection 
and correction procedures,, 
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Error Control 

Some terminals provide features to aid in detecting 
transmission errors. In operation, the terminal 
compiles and generates a check character based on 
the number of bits in the message for transmission 
after the last character in the message or the last 
character in a portion of the message. This char- 
acter is compared with another check character 
generated in the same manner at the control center 
to determine whether the proper number of bits and 
characters have arrived. If the check characters 
agree , an acknowledgment is sent from the control 
center to the terminal, indicating that the message 
has been properly received. If the communication 
lines have introduced errors, the control center 
sends back an indication that the message or block 
has been distorted along the transmission path. 
Terminals can be provided with the capability to per- 
form one of two actions when an error indication is 
received: (1) alert terminal personnel by audible 
signal, or (2) automatically retransmit the message 
that was previously in error. If automatic retrans- 
mission is unsuccessful, an attendant is usually 
notified by means of an audible signal after a preset 
number of attempts. 



Communications common carriers are companies 
which furnish communications services to the public. 
They are regulated by the Federal Communications 
Commission or appropriate state agencies . ']?heir 
services include communications facilities foi:* 
voice, data, facsimile and printed messages, as 
well as appropriate communications channels for 
television, telemetry and telephoto. In the United 
States approximately 2, 800 companies are recog- 
nized as communications common carriers. These 
companies can provide complete communications 
services to the subscriber including channels, 
modulating equipment, and the necessary terminat- 
ing arrangements. Alternatively, the customer 
may lease only the channels and provide purcliased 
or leased terminal equipment for data communica- 
tions . 

The services mentioned in this section are 
presented as a survey of some of the communica- 
tions facilities available today. The representa- 
tives of the communications companies should be 
consulted in order to obtain current information on 
rates, availability of service, billing arrangements, 
channels and related devices pertinent to data 
transmission. 
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THE FEDERA.L COMMUNICATIONS COMMISSION 

The Federal Communications Commission, an 
independent federal agency , regulates interstate and 
international communications originating in the 
United States, such as radio, telephone, telegraph, 
facsimile, telephoto and other broadcast program 
transmissions by wire, cable or radio. 

The Communications Act, establishing the 
Federal Communications Commission, requires 
that every common carrier furnish service at 
reasonable charges upon reasonable request. No 
carrier may construct, acquire or operate interstate 
or foreign facilities originating in the United States 
without the approval of the commission. 

Under the provisions of the Communications Act 
every common carrier must file with the commission 
schedules showing all charges, practices, classifi- 
cations and regulations for interstate communica- 
tions services offered to the public. These 
schedules, known as tariffs, are normally filed at 
least 30 days before their terms become effective. 
The tariffs form a significant part of the machinery 
by which the commission enforces the duties and 
prohibitions imposed on the common carriers for 
the benefit of the public. They are also the basic 
contract between the common carrier and the user. 
Telephone and telegraph companies are not required 
to file tariffs of their own if they concur in the 
tariffs filed by other common carriers. Due to 
local conditions, however, tariffs may vary from 
company to company. 

One example of a tariff with a high degree of 
concurrence among a large number of telephone 
companies is tariff #245 filed with the Federal 
Communications Commission by the American 
Telephone and Telegraph Company. This tariff 
covers the V-H Measuring Plan. It establishes the 
basis for determining the cost of a telephone call by 
providing a uniform means of calculating the dis- 
tance between the calling station and the receiving 
station. 

STATE UTILITY COMMISSIONS 

Intrastate common carrier communications service 
is subject to regulation by state commissions 
similar in function to the Federal Communications 
Commission. 

INTERNATIONAL TELECOMMUNICATIONS UNION 

The International Telecommunications Union is an 
administrative international organization responsible 
for the allocation, registration and utilization of the 
radio frequency spectrum. The main objective of the 



union is to maintain and develop international 
cooperation for the improvement and rational use of 
communications. The union undertakes studies and 
issues recommendations for the benefit of all 
members, as well as participating in the Technical 
Assistance Programs of the United Nations . Within 
the ITU, the Consultive Conmiittee on International 
Telephone and Telegraph (CCITT) and the Consultive 
Committee on International Radio (CCIR) are 
actively engaged in the standardization and coordi- 
nation of international worldwide communications 
facilities . 

THE BELL SYSTEM 

The parent company of the Bell System is the 
American Telephone and Telegraph Company, 
incorporated in 1885, which owns all or part of 
the stock of 23 associated operating telephone 
companies and the Western Electric Company. 
Together with Western Electric, AT&T owns 
the Bell Telephone Laboratories . Western 
Electric manufactures, purchases, distributes 
and installs equipment to fit the needs of the Bell 
System. Bell Telephone Laboratories is the re- 
search development unit of the Bell System . 

The people of the Bell Telephone System 
design, build, operate and maintain facilities 
for approximately 74 million telephones in 48 
of the states and the District of Columbia. Bell 
System lines connect with telephone systems in 
all 50 states of this country and throughout the 
world. 

The Bell System provides a wide range of 
products and services to fit specific communica- 
tions needs, from the basic telephone instrument 
to DATA-PHONE Service which enables business 
machines to communicate via the telephone network 
in the same way people do. The technological 
contributions of the Bell System include the inven- 
tion of the transistor and the solar battery, as well 
as the designing and building of the Telstar satel- 
lites. Touch-Tone calling, which will replace the 
rotary dial with pushbuttons, and comE)letely 
electronic telephone call switching are being devel- 
oped to improve the service of the Bell System to 
its customers. 

Some of the communications services of the 
Bell System are Wide Area Telephone Service 
(WATS), Telpak, Teletypewriter Exch;ange Service 
(TWX) and DATA-PHONE Service . 

WATS 

Wide Area Telephone Service is arranged for 
subscribers who make many long distance calls 
to many points. Monthly charges are based on 
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the size of the area in wliich the calls are placed, 
not on the number or length of calls . Under the 
WATS arrangement, the United States is divided 
into six zones. The subscriber is billed a flat 
rate according to the zones to be called on a full- 
time or measured-time basis. This can be an 
advantageous arrangement for data transmission. 

Telpak 

Telpak service is a pricing arrangement that 
makes available wide band communications chan- 
nels of various sizes suitable for large -volume 
point-to-point transmission of data, voice, tele- 
typewriter, facsimile, or other services for a 
Hat rate regardless of usage. Telpak can be used 
as a single large channel or a group of smaller 
channels. For example, a Telpak "A" channel 
may be divided into 12 voice grade channels. 

Teletypewriter Exchange Service 

Teletypewriter Exchange Service (TWX) provides 
direct dial point-to-point connections using input/ 
output equipment such as page printers, keyboards, 
paper tape readers and paper tape punches. 

DATA-PHONE Service 

DATA-PHONE Service provides for the transmission 
of data between a variety of business machines, 
using regular local or long distance telephone net- 
works, or WATS lines. The cost to the customer is 
the same as an ordinary telephone call in addition to 
a monthly rate for the DATA-PHONE data set. 

Other Services 



In addition to the familiar dial telephone services, 
voice grade and telegraph grade lines can be leased 
for the exclusive use of the subscriber. 



GENERAL TELEPHONE AND ELECTRONICS 
CORPORATION 

General Telephone and Electronics Corporation Is 
a highly diversified communications and manufac- 
turing enterprise whose operations throughout the 
United States and abroad are known as the "General 
System". GT&E, through its telephone operating 
and manufacturing subsidiaries, provides communi- 
cations equipment and services ranging from 
telephone service for the home and office to complex 
voice and data systems for industry and national 
defense. The General System serves nearly 
7,200, 000 telephones through some 30 domestic 



telephone operating subsidiaries and two inter- 
national subsidiaries located in British Columbia 
and the Dominican Republic. The domestic tele- 
phone companies constitute the nation's largest 
independent (non-Bell) telephone system, serving 
about 40% of total independent telephones. 

The General System offers a wide variety of 
communications services in addition to basic tele- 
phone service, including Wide Area Telephone 
Service, Telpak, direct dial teletypewriter service, 
and DATATEL services. TOUCH CALLING tele- 
phones are now being introduced, and field trials 
of the E-A-X electronic automatic exchang(3 are 
currently under way to bring further improvements 
in service to customers of the General System. 

The General System has had broad and extensive 
experience in the data communications field. Over 
the years, many services utilizing channels ranging 
from narrow-band telegraph up to four-megacycle 
video channels have been provided. General System 
companies offer, under tariffs, all data services of 
the common carriers . The equipment utilised in 
providing data communications is developeci and 
manufactured by GT&E subsidiaries where practi- 
cable. GT&E equipment is compatible with the 
equivalent Bell System equipment, thus permitting 
direct interconnection of services . Special arrange- 
ments are provided when needed to meet individual 
requirements. 

Automatic Electric Company, a manufacturing 
subsidiary of GT&E, produces communications 
equipment for the independent telephone industry . 
Lenkurt Electric Co. , Inc. , another subsidiary, 
manufactures data sets, microwave radio, and 
carrier multiplexing equipment for commei'cial 
and military communications. 

INDEPENDENT TELEPHONE COMPANIES 

The General System and balance of the 2,550 tele- 
phone companies operating 14 million telephones 
in the United States provide services that intercon- 
nect with the Bell System and each other. There 
are 140 independent telephone companies that have 
more than 10,000 telephones, and 112 that have 
between 5, 000 and 10,000 telephones. 

The United States Independent Telephone Asso- 
ciation (USIT A) , with headquarters in Washington, 
D.C. , represents many of the independent tele- 
phone companies. It provides guidance to i1;s 
members and coordinates their practices through 
committees. The USITA publishes Annual Statisti- 
cal Volumes, which can be purchased. "Telephony 
Magazine", published weekly by the Telephony 
Publishing Corporation of Chicago, and "Telephone 
Engineer and Management", published semimonthly 
by the Telephone Engineering Publishing Corpora- 
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tion of Chicago, are important vehicles for distrib- 
uting information about the telephone industry. 
Both companies publish annual directories indicating 
the corporate structure and pertinent statistics about 
telephone companies in the United States. 

WESTERN UNION 

The Western Union Telegraph Company, incorporat- 
ed in 1851, has played a vital role in the develop- 
ment of communications in the United States. 

The company furnishes communications services 
by wire and microwave radio throughout the United 
States. It provides the only national telegraph mes- 
sage service. It also furnishes custom-built private 
wire systems and facsimile systems on a leased 
basis and Telex, a direct-dial teleprinter service. 

Western Union leases more than 2, 000 private 
wire systems of varying sizes and speeds for 
industry and government. It recently placed in 
service for the Department of Defense an advanced 
digital data network (AUTODIN) with a capacity of 
12, 000, 000 punched cards, or the equivalent of 
320,000,000 words daily. 

Western Union recently expanded its offerings of 
leased wire facilities to include a full range of 
voice, alternate voice-record, Telpak and voice- 
data services. It also leases circuits and equip- 
ment to speed communications by facsimile. 

Western Union nationwide microwave network, 
which is capable of accommodating all modern 
forms of communication at high speeds and in large 
volume, is being extended to serve new AUTODIN 
centers and it is planned to extend this system from 
San Francisco through the Pacific Northwest. It 
will provide high-quality microwave circuitry for 
voice, facsimile, and high-speed data as well as 
public message and private wire services. 

ITT WORLD COMMUNICATIONS, INC. 

ITT World Communications, Inc. , is one of twelve 
telecommunications operating subsidiaries of the 
International Telephone and Telegraph Corporation. 
Together, these companies make up the ITT World 
Communications System, a worldwide network of 
more than 1,000 international circuits linking 20 
countries with each other and with every major 
communications distribution center in the world. 

The ITT WorldCom System offers to customers 
around the world international telegram service, 
Telex, private leased channels, international data 
transmission with voice control, international Datel, 
Datatelex, radiotelephone, ship/shore message and 
Telex service, press-cast and other press services, 
facsimile and other visual transmission including 
television. 



The ITT WorldCom System has developed from a 
recent realignment of the ITT international com- 
munications operations in the U. S. and abroad. ITT 
World Communications, Inc. , consolidates the U. S. 
operations of four of these companies, formerly 
identified as the American Cable & Rtidio System. 
Other members of the ITT World Communications 
System are Press Wireless Inc. (U. S. and certain 
foreign points), Globe-Mackay Cable and Radio 
Corp. (Phillipines), The Commercial Cable 
Company (U.K. and Canada), All America Cables 
and Radio, Inc. , and other companies in the 
Caribbean and Central or South America. 

Major operating centers are in New York, 
Washington, D. C. , San Francisco, Honolulu, 
London, Manila, San Juan, P. R. , Rio de Janeiro, 
Lima, Panama, Santiago and Buenos Aires. More 
than 110 international traffic offices are in service 
in these and other cities. 

Customers in cities not served directly by ITT 
WorldCom offices use ITT international facilities 
through the intermediate services of domestic 
carriers, such as Western Union or the Bell System 
in the U. S. , or, in many other countries, through 
either domestic or international carriers. This 
applies to the full range of services offered. 

The ITT WorldCom System operates through the 
full range of technical media: coaxial and conven- 
tional cables, both submarine and landline; HF and 
UHF radio including over-the-horizon tropo-scatter; 
satellite circuits. 

Technical advances in the international communi- 
cations field include the automatic message-handling 
center now in service in New York, and automatic 
Telex switching centers operating in New York, 
San Francisco, Honolulu, Washington, D. C. and 
San Juan. In addition, special facilities for inter- 
continental data processing systems are designed 
for specific applications. 

RCA COMMUNICATIONS, INC. 

The Radio Corporation of America was created in 
1919 to provide international communications 
facilities. Ten years later RCA organized a sub- 
sidiary company, RCA Communications, Inc., to 
concentrate solely on the further development of 
international communications. 

Today, RCA Communications' network consists 
of more than 1,000 radio, coaxial cable and satellite 
channels which provide international message tele- 
graph. Telex and leased channel service to practi- 
cally every country in the world. In addition, RCA 
Communications maintains facilities for photo 
transmission service with 56 oversea.s points, 
telephone service between 14 terminals in the 
Pacific, marine telegraph service to and from 
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ships at sea, television transmission service be- 
tween the United States and Europe, and program 
broadcast service for news services in all parts of 
the world. 

RCA Communications furnishes private leased 
channel communication services to all parts of the 
world. More than 250 such channels for teletype- 
writer, telephone, facsimile and data communica- 
tions are in use. RCA also provides two data 
transmission services — Datel and Datatelex — for 
firms requiring international data transmission. 

At present, almost 200 circuits are operating 
through the Electronic Telegraph System in New 
York. ETS electronically routes, processes, and 
transmits telegrams overseas. Similarly, it guides 
messages originating overseas to their domestic 
destination automatically and without manual han- 
dling. RCA is also automating its Telex network to 
permit subscribers in the U. S. to direct- dial sub- 
scribers in the major countries of the world. The 
automated direct-dial system utilizes area codes 
similar to those used in making long-distance phone 
calls within the U. S. 

PRIVATELY OWNED COMMUNICATIONS 

SYSTEMS 

The federal government and some industries pur- 
chase, maintain and operate some of their com- 
munications facilities . Examples of these private 
systems are telegraph and telephone systems 
owned by railroads and pipeline companies oper- 
ating in remote areas. Licenses can be obtained 
to operate private radio and microwave systems 
under certain circumstances. 

NETWORK DESIGN 

INTRODUCTION 

Network design in the broad sense of the term is the 
name applied to the technique of selecting the termi- 
nal facilities, choosing the data communication 
services and equipment, and the matching of these 
selections to the network control devices. The 
result should be the most effective design when 
considering the functional performance in relation 
to the cost. A good network design requires a full 
knowledge of the communication traffic and a 
thorough understanding of the system functions . 

A data communication network refers to a 
combination of communication channels used to move 
data between geographically separated points. Such 
channels take many forms as has been previously 
shown and a network of these channels can be as 
simple as two machines Interconnected by a single 
channel or as complex as a nation-wide system 
with several processing centers and many stations 



using combinations of leased and switched facilities. 
The more complex the network the more difficult it 
becomes to make accurate determinations of mes- 
sage response times and total capacity, but a design 
must be completed before a thorough under stamping 
of the system component interactions can be 
achieved. Network design becomes an iterative; 
procedure because of this interaction and carefial 
decisions about data communication facilities and 
equipment must be made. 

DATA ANALYSIS 

Although much has been written about the gathering 
of data for the design of systems it cannot be 
stressed too heavily in network design. The total 
system operation may depend on the accuracy and 
validity of the design data and assumptions. The 
forms described are meant to be an aid and starting 
point reference and not all inclusive. 

Remote Station Description 

To initially define the necessary data it is helpJul to 
specify the complete function of each remote station. 
This functional requirement will be the primary 
input to the terminal selection procedure . A pre- 
liminary selection of the terminal must be made so 
that the characteristics can be applied to the network 
traffic statistics. 

At the time of the initial selection it is Important 
that all of the terminal factors be considered. The 
document requirements of the data types to be 
handled will decide the type of equipment needed; i.e. 
cards require punching/ reading, printed output re- 
quires a keyboard and card or tape buffering, etc. 
Also the characteristics of this data governs how 
the terminal will operate: for example, an Inquiry 
terminal would have its keyboard polled for Inquiries 
and then its paper tape reader for batch type trans- 
missions. 
Operational Description 

The mode of operation is also determined by the 
type of data. A full duplex line is only slightly more 
expensive than a half duplex line, but moving ti'afflc 
in both directions at the same time may not be pos- 
sible in many applications. Also, the terminal cost 
will increase with full duplex operation. 

The need for error detection and correction can 
be decided from the contents of the data to be 
handled. If th6 messages contain ordinary words 
and are not to be processed by the computer, tlien 
error correction probably will not be needed. If 
coded information or numeric data are included or 
if processing is to be done, checking is generally 
justified. In cases where more than one level of 
accuracy is required the most demanding appll(3atlon 
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will be generally accepted as the criteria. 

The speed of operation is not easily decided. 
Establishment of the speed criteria is made only 
after thorough study to assure that all possible 
solutions have been investigated. In general, 
terminal speed is determined by application require- 
ments and not by other considerations. 

If existing terminals are to be used, their 
operation must be clearly defined and understood. 
Some consideration should be made for terminal 
operation, not only under error condition but for 
procedural back up necessary as required by the 
application criteria. All of these things must be 
evaluated and documented as requirements on the 
network design. 



TRAFFIC ANALYSIS 



Ideally a peak period is carefully determined from 
sampling over an extended time period. Care must 
be taken to get a true peak based on origination 
rather than on activity of existing channels . This 
peak period used for the network design must be 
the system peak, and is not necessarily one hour 
long. The application will determine ah acceptable 
peak duration. 



Traffic peaks can occur with either time or 
geographic factors. First to be determined is the 
business cycle peaks. These can be either annual 
or seasonal in nature as might occur in retail 
business. One peak would occur at the Christmas 
season with other secondary peaks at Easter or in 
the fall before school openings . The data collected 
for use in the network design must identify such 
peaking conditions. Other peaks can occur by the 
month or by the day of the week. Still other peaks 
occur by geographic location and more by time 
zones. A solid understanding of the business peaks, 
their causes and effects is necessary for the design 
of an effective communication network. 

Figures 52 thru 55 show the layout of some 
helpful forms used in the development of the statis- 
tics . This will result in an understanding of the 
traffic characteristics of the system. The following 
are some considerations affecting traffic statistics : 

1. Application and Operation 

After developing the system transaction sum- 
maries based on origination frequency, the actual 
character volume must be determined. For each 
transaction type at each terminal location the 
total number of characters sent and received must 
be developed. While average message length may 
be easier to use the application may dictate that 
actual counts are necessary. In addition to the 
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Figure 53. 
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Figure 54. 
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b. 



c. 



d. 
e. 



actual message characters the following factors 
must be calculated and added to each message type: 
a. Polling time 

Card Reader Timing 

1) Feed time 

2) Eject Time 
Printer Timing 

1) Forms feed 

2) Tabbing 

3) Carrier Return 

Checking Time (including line delays) 
Keyboard (on-line keying factors) 

Each transaction type must be analyzed for these 
factors and total message lengths determined. 
Figures 56 through 58 show some usable formats to 
aid the network designer. The character load at the 
terminal has now been determined and the adjustment 
factors that follow will be used to change these 
totals to realistic values. 

2. Growth Factors 

The traffic increases that will occur as a result 
of the company's growth will affect each of the 
transactions. Typical growth is five through ten 
percent per year but it is wiser to use the actual 



figures if they are available. This growth is of 
particular importance because the time between 
when the network is designed and the system in- 
stallation may be one to two years . If this time is 
added to the proposed system life of approximately 
five years, it can make a significant impact on the 
traffic load. 

Growth will not only be attained through normal 
business increases but may be produced by new 
business ventures or company acquisitions. 

3. Turnpike Effect 

The traffic increases in a data communication 
system must include the turnpike effect. This 
phenomenon was first noticed when the initial super 
highways were opened. The plans for the traffic 
loads were based on the assumption that people 
would continue to use the old facilities. When the 
highways were opened not only did the people stop 
using the old facility but more people used the new 
road and significant travel increases were noted. 
The causes for this traffic increase in a data 
communications system would be: 

a. The system provides more information 
than was previously available. 
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CARD INPUT TRANSACTION FORMAT 



Figure 57. 



b. 



c. 
d. 



There are more system users than were 
anticipated. 
Methods are changed. 

The system provides better service which 
generates more traffic . Estimating for 
the turnpike effect can only be done with 
the complete knowledge of the people who 
will use the systems. 
4. Transmission Line Error Rates 
One of the most difficult estimates that affects the 
network traffic is the number of errors that may be 
encountered. In data communications there are 
three basic causes for error: 

a. Operators. The operators will cause 

errors both of data and operational nature. 



Possible sources of these errors must be 
investigated to determine what effect 
these errors have on the traffic load. 

b. Equipment. Terminal and processor 
errors are considered minimal to the 
data communication network and should be 
analyzed only as a part of the total system 
design. 

c. Lines. A greater source of errors will 
be the communications facilities used. 
These errors are due to line distortion, 
atmospheric interference, switching 
equipment and the self-generated line 
noise. 

In estimating the transmission line error rate 
statistics , the following two factors will be con- 
sidered: First, the anticipated error rates of the 
facilities themselves as discussed in the previous 
sections of this manual. Second, the block length 
of the message. In selecting the block length the 
most important fact is the application. Each dif- 
ferent application has distinct data characteristics 
and these in turn help in the selection of an optimum 
block length. In transmission, the block lengtli 
should be long enough to achieve a good thruput. 
rate but not so long that error re-transmissioiLS 
will consume considerable line time. 

5. Thruput Demands 

As the message types are developed it is often 
necessary to assign priority requirements. When 
this priority is acknowledged by the system it has 
an effect on the total message rate of the systesm. 
Each priority must have a specified workable iJro- 
cedure and the effect of these procedures whether 
they be in the form of message delays for low 



Terminal Summary 




Figure 58. 



56 



Terminal Loading Calculations 



Peak Period 
to 


1 


2 


' ' ^ 








TERMINAL 
LOCATION 


Transaction 
Namp 


Transaction 

Name 

Time /Trans sees 


Transaction / / 
Name / / 
Time /Trans / iecs 


TtKMlMAl, 
TOTALS 


Timp /Trans spr'i 


Volume 


Transaction 
Time 


Volume 


Transaction 
Time 


Volume 


Tra/ /tion 


Time 
sees. 


% Line i^ 
Utilization 


Present 


Adiusted 














// 




















/ 


















t==:===^ 


-| ^ 1 














_^-^::^^ 








, 


r^-~^ 








-^ 






1 1 










--^^^^^^ 


-^ 


^_ 






\ \ 








__^_--^::^=^ 


" 










\ \ 




















\\ 




















\\ 




















\t- 




















w 









** This figure may exceed 100 %. This would simply indicate i need for multiple terminals 



Figure 59. 



priority traffic or the establishment of traffic buf- 
fers must be determined. 

6. Contingency Factors 

In the design of any system the need to allow for 
contingency arises. Some of the more common 
contingency factors are: 

a. Line control procedures - the system of 
control of the communication network as 
explained previously. 

b. Operational procedures - each operating 
system has a set of operational rules, 
these could be as simple as the "good 
morning" messages or as complex as the 
error procedures or the "on-line" 
operator training that may be required. 

c. Other factors - every operation and 
application has peculiar problems that 
add to the message requirements . If 
no other factors are present at least the 
accuracy of the traffic survey should be 
analyzed and justified. 

To develop the traffic load the previously ex- 
plained factors are combined into peak and non-peak 
periods. To summarize the factors: 

a. Traffic analysis - all message types. 

b. Growth factors - allowance for new 
application and business growth. 

c. Turnpike effect - the effect on traffic of 
better service. 



d. Transmission line error rate - effect of 
re -transmissions . 

e. Thruput demands - effect of priority 
traffic . 

f. Contingency factors - the effect of 
operational procedures. 

DESIGN CRITERIA 

Messages and/or data are carried over the 
communications lines as the information becomes 
available at the terminals . The ratio of the time 
used for moving messages, to the time available is 
called the channel loading. Since the capacity of 
any communication channel is fixed, designing a 
network for 100% utilization on the basis of average 
traffic would result in lengthy message delays. In 
fact, the closer the utilization comes to 100%, the 
longer the average response time, which is the 
total time a message is in transit including all 
queues . 

It has been shown that for a contention multi-point 
line, the average delay for a message waiting to 
transmit at a station is 2.5 times its transmission 
time at 70% utilization; 4 times at 80% utilization; 
almost six times at 90% utilization. These figures 
assume exponential service times, no order of 
selecting the terminal which will send, and they do 
not include transmission time. 
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When definite response criteria are given, they 
are usually in the form of X% of messages delivered 
in Y or less minutes. This time will include all 
transmission and queue time. Care must be exer- 
cised that these figures are realistic and apply to 
all of the traffic handled in the peak period. Some- 
times several sets of X and Y are given such as 50%, 
80%, and 95%. If response time is the desired 
criteria, it must be converted into line utilization so 
that the channels may be loaded. Experience has 
shown that if specific response criteria are not 
known, an 80% loading will provide a reasonable 
compromise between response and economy. 

One other possibility in channel loading is the 
possibility of keeping the line open for the reply to 
an inquiry. Although generally it is not possible 
through the terminal controls, it is possible under 
the control of the computer program. This means 
that the line would be seized at the beginning of an 
inquiry and not released for subsequent use until a 
reply is received. If there is more than one 
terminal on such a line the wait time might become 
intolerable. When specifying more than one termi- 
nal on a line and the traffic is light, check to make 
sure that the selected terminals do not have a pre- 
established maximum or that you load the lines in 
such a manner so as not to exceed the maximum. 

CHANNEL LOADING 

An expansion of the data that has been gathered must 
now be made so that the network design can be 
accomplished. 



apparent geographic center of a map showing all 
locations , then move toward the more heavily loaded 
terminals. It may be necessary to pick several 
different centers in order to find the most economi- 
cal. In picking a central switching location, keep in 
mind the need for communicating with other comput- 
ers , a function that is not readily apparent from 
studying only terminal locations . Some systems can 
economically support decentralized switching. This 
is a matter of trial and error depending on equipmsnt 
cost and location. 

Present System Description 

A present system description will provide mucli of 
the information and may well be a foundation for the 
new system design. Two important advantages that 
may be realized are: 

1. By using existing terminals and/or message 
formats, a minimum of remote confusion will lesult 
at change over. 

2. The present system may use communication 
lines which are more economical than those a new 
design might require, due to existing customer- 
owned channels or unused commercial facilities. 



Operating Periods 

Make sure that the specified operating periods take 
full advantage of rate structures of the various based 
facilities . Each location should be time zoned and 
corrected for operation with the central. 



Terminal Locations 

Each geographical location must be defined. If there 
is more than one location within a city, each location 
should be shown separately. This list should include 
all locations to be served during the proposed life of 
the system. The initial system may be designed so 
that expansion plans as described previously under 
"Growth Factors" would be easily accomplished. 
The proposed data summary sheets reflect the 
terminal locations selected. 



Operating Constraints 

The data, as collected, should allow for the burdens 
of the system. A check of all data should be made to 
insure corrections and the inclusion of all exceptional 
procedures and constraints. Some of these are 
rigorous verification or error checking routines, 
direct communication and message switching, jjar- 
ticular speed, inexperienced or part-time operators 
or unusual environment. 



Central Switching Locations 

Ideally , the machine which will control communica- 
tions among the terminals is located at the' weighted 
center of the terminals. Actually, other considera- 
tions almost always dictate the locations. If you 
are free to locate the machine, pick a city near the 



Terminal Selection 

The simplest system will have the same basic 
terminal at all locations, but this is not necessary. 
In fact the application analysis and the data gathering 
have specified the functional requirement. Nov/ the 
choice of terminal is one of speed and code to con- 
form to the total system environment. 
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MANUAL DESIGN - LEASED NETWORK - 
UTILIZATION CRITERIA 

The following steps are recommended: 

1. Establish total traffic for each terminal as 
outlined in the preceding steps. 

2. Apply terminal speeds. These must be 
consistent with the communication facility speed. 
(A good working unit at this time is characters per 
hour.) 

3. Establish the line loading limit in the same 
units as the location loads. 

4. Plot the terminal locations on the map. A 
map is necessary for a manual network design. A 
large scale map showing as many locations as pos- 
sible is good but any map showing all the places to 
be interconnected on one sheet is satisfactory. For 
manual design the scale must be quite accurate in 
all directions, such as on a "conformal conic" 
projection. 

5. Select the switching central location (DPC). 

6. If there are locations that exceed the maxi- 
mum line load, split each such location into the 
number of maximum load lines with one terminal 
each and one terminal for the remainder. The full 
load lines and terminals may be listed separately. 

7. Start the selection process by picking a 
location farthest from DPC. Begin to link the loca- 
tions by summarizing the location loads until the 
line loading maximum is reached. The points 
selected should be connected on the map. Keep line 
mileage to a minimum by pointing the line towards 
the DPC with narrow lateral detours to pick up 
locations. Remember that the number of terminals 
on a line may reach its maximum before the line is 
loaded to criteria. 

8. When one line is completed another should 
be made using the procedure in step 7. When 
several lines in one section of the map have been 
defined, a review should be made to try different 
combinations that may be shorter. 

9. Continue steps 8 and 9 until all locations have 
been linked with the center . 

Leased Line - Response Time Criteria 

When the critical design parameter is the response 
time (as previously discussed) it becomes neces- 
sary to convert this parameter to line utilization, 
thereby enabling us to design the network as out- 
lined above. This section presents a graphical 
method of finding the necessary line utilization, 
given the required response time or vice versa. 
The graphs are based on a simulation model for a 
message switching network and have been normal- 
ized to make them independent of line speeds and 



message lengths. It is necessary that the user 
fully understand the following parameters and 
assumptions before a use of the graphs is 
attempted: 

1. Assumption and Parameters for Half Duplex 
Model. 

In establishing a network model, there were a 
number of parameters or variables that could have 
been considered. It was necessary to make the 
model as widely applicable and practical as 
possible. 

a. Line Loading 

All terminals on a line are assumed to 
be equally loaded. For an imbalance in 
terminal loadings a variation of the 
polling scheme to favor the heavily loaded 
terminals should make the curves de- 
veloped applicable. 

b. Polling Scheme 

The terminals are polled sequentially 
with a maximum of one message being 
accepted per terminal in one pass 
through the polling list. Output messages 
are handled on a priority basis with a 
check for output being made after each 
input message and after each complete 
pass through the polling list. The output 
queue for the line is exhausted at each 
check point with the first message in the 
queue being transmitted first. 

c. Number of Stations Per Line 

Several runs were made for various 
length messages on lines with 2, 6, and 
10 stations. It was found that the maxi- 
mum deviation from the 6 stations was 
10% within 2 to 10 stations. Therefore, 
only the 6 station curves are shown and 
they are considered valid for 2-10 
stations . 

d. Ratio of Input to Output 

One of the important considerations in 
message switching systems is the ratio 
of the number of input messages to the 
number of output messages in the system. 
This ratio will be called Rio* Generally, 
Rio will be 1:1.1 or slightly more 
messages out than in. This 1:1.1 ratio 
is due to a small number of multiple 
address messages. The curves shown can 
be used for an Rjq of from 1:. 7 (less out 
than in), to 1:2, (twice as many out as in). 

More output than input would tend to 
increase message response time, while 
less would have the opposite effect. 
There are two sets of curves. The first 
set, graphs 1 and 2, is to be used where 
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the Rjo falls in the range of 1:. 7 to 1:1.4. 
The second set of curves graphs 3 and 4 
is to be used where the Rjq falls in the 
range of 1:1.4 to 1:2. These curves hold 
to within 10% for any Rjq in these ranges, 
e. Message Generation 

Messages are created or are assumed 
to arrive "randomly" in time at each 
terminal, that is, follow what is termed 
a Poisson arrival distribution. The 
distribution of the message lengths (dis- 
cussed under Line Holding Time) is 
assumed to be exponential which may be 
considered a worst case condition. 
Constant message lengths would yield 
considerably better results at higher line 
utilizations. The output messages are 
generated by the multiplexor and the 
model was run with the assumption that 
output messages will not be returned to 
the same line that initiated the input 
message. The use of the response 
curves is limited by the number of lines 



in a system. That is to say, the curves 
are more accurate for a 10 line system 
than for a 5 line system where a lai'ger 
percentage of the messages might be sent 
back on the same line . 

f. Line Holding Time (LHT) 

For this model and the resultant 
curves, the message length is represent- 
ed as the Line Holding Time or LHT. 
LHT is the total line holding time for the 
transmission of a message plus the single 
poll or selection time that caused that 
message to move. The LHT includes 
such fixed functions as End of Block, End 
of Message, line turn around time etc. , 
where applicable. The LHT may he 
expressed as character time units or in 
time units such as seconds. The LET is 
thus independent of line speed and actual 
message length. 

g. Line Control Time (LCT) 

In this model as in most message 
switching systems, all that time not used. 
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by LHT, is used for unsuccessful polls. 
LCT is thus the time taken for one un- 
successful poll. The critical factor in 
normalizing the results of this simulation 
was found to be the ratio of LCT: LHT. 
The time to poll for a "no" message 
response, poll a message or address a 
terminal is assumed to be 8 characters 
for this model. (The 8 characters is 
normal for polling and addressing in 
many message switching systems) 

It was found that in the Rjq range of 
1:.7 to 1:1.4, the curve for a 100 character 
message, with an LCT : LHT ratio of 
1:.13.5, was significantly different from 
that for a 300 character message, LCT : 
LHT ratio of 1:38.5. Thus there are two 
curves for this Rjq range. The upper 
curve in Graph 1 holds within 10% for 
LCT : LHT ratio of 1:10 to 1:15, and the 
other curve holds within 10% for LCT : 
LHT greater than 1:15. 

Where Rio is from 1:1.4 to \\2. there 
is no significant difference due to change 
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in the LCT : LHT ratio. Thus there is 
only one curve for this Rjo range. The 
one curve is valid to 10% for any LCT : 
LHT ratio greater than 1:10. 
h. Mean Response Time (MRT) 

In this model we define round trip 
response time as the time from request- 
to-send to receipt of last character by 
addressee. This time includes queue 
time at terminal, transmission time 
into CPU, queue time at CPU, and 
transmission time but to addressee. 
Message handling or process time by 
CPU is neglected as it is normally a 
fixed amount of time and is usually too 
small, in comparison to transmission 
time, to be of significance to the model. 
The Mean Response Time is the statistical 
mean of the round trip response times . 

2. Use of Curves 

In order to use the curves for a system, the 
following parameters must first be determined: 
a. Average message length 

Polling time or length = LCT 



b. 
c. 
d. 



^lO 
LHT 

There are three design parameters, 

maximum line utilization (U) , system 
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response time (T) , and the percentile of 
messages (P) that must meet the system 
response time. Knowing any two 
parameters , we can find the third by 
using the curves . Thus if in our system 
90% of the messages must experience a 
round trip response of 5 minutes or less, 
then we have that P = 90% and T = 5 
minutes or 300 seconds. We can now use 
the curves to find the maximum line 
utilization, U. 

Conversely if the maximum line 
utilization is given, say 70%, we would 
like to know what kind of response time 
most of the messages in the system will 
experience. Knowing the response time 
we could then ascertain if the given line 
utilization will permit us to adequately 
service the system. For example, we 
may have been given U = 70%. We will 
have to pick a P, say 90%, and now we 
could find T, the response time for 
most of the messages. 

There are two sets of graphs. The 
first covers an Rj-q range of 1:. 7 to 
1:1.4 and the second set of an Rjq of 
1:1.4 to 1:2. 

The first graph of each set (1 and 3) 
express the relationship between the 
utilization (U) and Yu, where Yu = MET 

LHT. 
The second graph of each set (2 and 4) 
expresses the relationship of the percen- 

T 

tile (P) to Yp where Yp = MET. Thus if 
we are given a design criteria of 90% of 
the messages in 5 minutes or 300 sec- 
onds for a system where the LHT = 20 
seconds. By knowing the Rjq say 1:15, 
we can find U. 

We have given 

P = 90% 

T = 300 seconds 
LHT = 20 seconds 

YP is found by entering Graph 4 
(proper Eio range) at 90% and going up to 
the curve and over the Y axis. Yp = 2.3 



Yp = MET or MET = Yp 

300 
= 2.3 seconds = 130. 
We now know the MRT and have been 

MRT 
given LHT. Therefore Yu = LHT = 
130 = 6.5. Entering graph 3 at Yu = 6.5 
20 



and reading over to the curve and down we 
find that U = 64.5%. Thus if each line in 
the network was loaded to no more than 
64.5% of its total message handling 
capability then 90% of the messages in the 
system would experience a round trip 
response time of 5 minutes or less. 
Notice that to use the graphs we first had 
to make the units between T , the time , 
and LHT consistent. 

As an exercise trace the alternate 
path where given a 70% utilization and an 
LHT of 20 seconds and Rjq of 1:15 we 
find that 90% of the messages have a 

round trip response of . 

Answer is T = 6.01 minutes. 

Switched Network 

1. All Switched Terminals 

When the traffic pattern (origination/ destination 
patterns of all messages) is entirely point-to-point 
among many different points , with all locations 
lightly loaded, it may be economical to use Telex or 
TWX for this traffic. The Telephone System can 
handle higher speed if there are large amountsi of 
such traffic and the Wide Area billing arrangement 
also becomes attractive for this. This type of 
system, however, offers no central control of 
traffic and assumes no one major origination/ 
destination point — hence, no "central" machine 
configuration for on-line processing. The design of 
such a system is generally quite approximate, with 
the number of terminals required at each location 
based on the peak period send-plus-receive load, 
the HDX terminal speed, and the amount of control 
time to get a connection before moving data (see 
3. below). 

As an example, the system design for a T\\'^X 
network might be to have the terminals call the 
computer central processing unit (CPU) when a 
transmission is required. If this is the case then 
the network cost and number of TWX access lines 
could be found in the following manner. From the 
traffic statistics for each terminal, the number of 
calls per day per terminal could be obtained. This 
would require knowing type of message, message 
length, transmission method, and other information 
discussed. By knowing the location of each ter- 
minal, the distance to the CPU can be found by 
the V-H coordinate method. 

2. Some Switched Terminals 

Since most data communication networks require 
some sort of central on-line processing, and leased 
lines are generally more economical for such 
traffic, switched terminals usually appear as only 
part of a communications network. 
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They are used for one or more of these reasons: 

a. To back-up other lines and/or machines 
for priority traffic. 

b. Lightly used terminals too far from 
leased line terminals for an economical 
leased link. 

c. Need to communicate directly with other 
terminals for conversation or with 
terminals in other companies . 

When a or b is the reason, the central 
equipment also needs access to the 
switched system, if the machine is 
capable. These access lines may only 
originate calls or may answer and 
originate. To take advantage of WATS 
flat rates, for example, the central 
usually does all originating. In this case, 
the number of access lines required at 
the central is based on connect time, (see 
3 below) peak period message load, 
average message length, and line speed. 
Additional short messages must be added 
to the load to account for calls originated 
to stations so that they can send, but 
they have nothing to send ("Non- 
Productive Polls"). 

If the central must answer and origi- 
nate calls, the number of access lines 
(trunks) is based on the same factors as 
above, except there are no dead polls, 
but the queueing problems demand less 
efficient lines at the central. For 
example, if 95% of the incoming calls 
are to be delayed less then 0.2 times 
the constant length message transmission 
time: one trunk can be 7% occupied, 
two trunks 24%, three trunks 35%, four 
trunks 42%, sixtrunks 52%, 12 trunks 68%, 
20 trunks 78%, etc. These figures 
assume that a busy signal results in an 
immediate retry (which is not exactly 
true) and that delayed calls are answered 
in order (also not exactly true) . 
3. Control Times for Switched Lines 
On TWX and the Telephone System, it takes 
about 25 seconds to "dial" and connect and dis- 
connect, plus about 5 seconds to handshake and 
disconnect the data sets. Depending on the 
customer's requirements, identification time may 
have to be added to this before data starts moving. 
If "dialing" uses all touch tone equipment, about 
15 seconds of "dialing" and connect time is saved. 
On Telex, it takes about 24 seconds to "dial" by 
hand or machine and get connected and disconnected. 
Identification time is additional, if required. 

Portions of the above control times may be 
chargeable time. 



Manual Design - Summary 

Most data communication networks should probably 
use some switched and some leased lines. The 
equipment capability and the application require- 
ment are the determining factors. Each design 
must be evaluated and perhaps redesigned to get a 
good balance for the system operation. 



LINE COST ANALYSIS 

Communication Facilities are priced on a monthly 
basis. The areas of cost are: 

1. To attach an IBM machine to a communication 
facility. 

2. To have a facility access to service point. 

3. To provide the facility between various 
service points. 



Definitions 

The following terms are used in the determination 
of the costs: 

Service Point - A location (city/ exchange) where 
one or more stations located. 

Exchange/ City - When leasing from phone com- 
panies, the term is exchange; when leasing from 
Western Union, the term is city. In all smaller 
cities, it may be assumed that, for pricing, the 
entire city is one exchange. Larger cities are 
broken up by both common carriers into exchange 
areas or zones. In general, it is not necessary to 
know what part of a zoned city the station is in 
unless a leased line segment serving the station is 
less than 40 miles long, or unless it is a switched 
system station. 

Station - An equipment location. This can in- 
clude all equipment in one building on the same 
line, but usually not in separate buildings. Extra 
equipment in the same building is connected as an 
extension. These rates are lower than local 
channels. 

Local Channels or Loop - Required to connect 
each station to its channel terminal (except in 
Telpak) . 

Interstate/Intrastate - For leased line purposes, 
a line is interstate if any segment of it crosses a 
state line. An intrastate line has all of its segments 
wholly within one state. A system of lines con- 
nected to a single machine (but not interconnected 
to each other), can have some interstate lines and 
some intrastate lines. 
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Pricing A Network 

When leased lines are used to connect several 
points on one line, a "minimum tree" of straight 
lines is designed to comipute the line cost. Each 
segment of the tree is priced according to the rates, 
starting at zero miles for each segment. This 
minimum tree has no relation to the way the line is 
installed. Cumulative figures are shown in the rate 
tables for specific portions of each segment. To 
compute the cost of a segment, take the largest 
cumulative total mileage within the segment, then 
multiply the balance by the next per mile rate. 
Another way to compute the cost of a leased 
facility between service points is to use equivalent 
miles. The actual straight line mileage is con- 
verted to equivalent miles using the percentages in 
the rate charts. Then the equivalent miles are 
multipled by the rate for the first mile. This 
method is useful for multipoint, multi-line systems 
where each segment is converted to equivalent 
miles and all segments are totaled before multi- 
plying by the rate for the first mile. 

The example in Appendix B shows the various 
methods to arrive at the leased line cost. The 
results of the network design can be summarized 
as follows: 

1. Leased line miles 

2. Leased miles cost 

3. Telpak cost 

4. Number of lines 

5. Number of stations 

6. Number of loops 

7. Cost of loops 

8. Number of channel terminations 

9 . Cost of stations charges and channel 
terminations . 

10 . Total cost of communication facilities . 

DESIGN EVALUATION 

This step of network design should be done only 
when you have a network designed, priced and 
improved as much as possible. The objective of 
this exercise is to reduce cost by using other line 
arrangements. 

Inspect the map for a number of multipoint lines 
that roughly parallel each other. If this situation 
exists , isolate the terminals involved and calculate 
the costs of the lines involved. This should be a 
simple matter of copying the costs from your 
previous network design worksheet. Occasionally 
there may be terminals in the selected arrangement 
that could be rerouted to increase this bundle. 
Some redesign of lines may be necessary. This 
redesign may affect lines already constructed. 
This should be expected during cost improvement 



exercises. The bundle can then be implemented by 
using Telpak group rates or multiplexing techniques 
such as IBM 2712 or the shared line adapter. 

Telpak channels may have excess capacity after 
the network is finished. No attempt should be; made 
to reroute lines just to use this capacity. The prime 
objective is to reduce the line costs. 

Occasionally a situation exists where either 
light traffic or little in the way of response tiine is 
necessary. Under these conditions long distance 
may be cheaper than routing a line to that terminal 
location. Obviously, there are many other system 
design criteria that must be evaluated before 
selecting the dial up system of toll calls instead of 
leased lines . 

If traffic in a data-communicating system can be 
batched and scheduled, a design alternative would 
be Wide Area Telephone Service. The central 
processing unit would place a call to remote stations 
on a pre-scheduled basis. 

Care must be taken when considering the applica- 
tion of a multiplexor or line sharing device. The 
importance of a well thought out "network analysis" 
cannot be over-emphasized. A line multiplexor and/ 
or shared line device is not necessarily the answer 
to a multi circuit requirement. A careful cost study 
must be made for each and every communications 
system. 

APPENDIX Al. TELEPHONE TECHNIQUES 



BASIC PRINCIPLES 

The telephone accomplishes the electrical trans- 
mission of speech by employing the mechanical 
energy of the speaker's voice to produce electric 
energy having similar characteristics , and in turn 
converting this electric energy into sound waves 
having similar characteristics at the listener's 
station. 

The original telephone circuit, which was in- 
vented by Bell in 1876, consisted of a pair of trans- 
mitter-receiver instruments connected by wire. No 
battery was utilized. 

Voice waves from the speaker at one of the in- 
struments would strike a metal diaphragm in the 
telephone transmitter. The alternate condensations 
and rarefactions of the air on the speaker sid(3 of the 
diaphragm set it in vibration. 

Behind the diaphragm was a permanent bai mag- 
net. The magnet established part of its inductive 
field through the diaphragm. As the diaphragm 
vibrated, the lines of the magnetic field were alter- 
nately cut, and an AC voltage was established or 
induced in the wire which was wrapped about the bar 
magnet; this voltage had wave characteristics similar 
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to the characteristics of a sound wave. The AC 
voltage passed over the connecting wires to the 
receiver in the other telephone instrument. These 
voltage changes in the receiver magnet winding would 
alternately strengthen and weaken the magnetic field, 
thus increasing and decreasing its pull upon the 
receiver diaphragm. This causes the receiver 
diaphragm to "vibrate" in unison with the diaphragm 
at the transmitter end. The vibrating receiver dia- 
phragm thus reproduced the original sound intelli- 
gently. 

Telephone Receiver Construction 

The earliest forms of telephone receivers were made 
with a permanent bar magnet as shown in Figure 
Al.l. 

The efficiency of the receiver was later greatly 
increased by the use of a horseshoe magnet as shown 
in Figure A1.2. This permits the lines of magnetic 
force to pass in a much shorter path from one mag- 
netic pole to the other through the iron diaphragm. 

A later refinement was found in the bipolar re- 
ceiver which provided built-in "acoustical" air 
chambers designed to have acoustical impedances 
which matched the electrical impedances and im- 
proved receiver efficiency. A more recent receiver 
design, which is currently standard for new instal- 
lations is the ring-armature receiver. This unit 
utilizes a dome-shaped diaphragm driven like a piston 
by the magnetic field of the circular coil and pole 
piece. 

Telephone Transmitter Construction 

There are two types of transmitter units . The first 
of these units utilized a diaphragm vibrating in a 
magnetic field, thus generating an electrical current 
(such as the original Bell unit) . In the early days of 
telephone this technique could be used only over 
short distances because of the comparatively weak 
currents, and a new unit was introduced, called the 
Blake transmitter. Here the diaphragm was used to 
vary the strength of an existing electrical current. 
The unit is shown in Figure A1.3. The transmitter 
diaphragm varies the pressure on the carbon granules 
which causes the resistance of the electrical circuit 
through the carbon granules to vary, thereby causing 
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Figure Al. 2 Horseshoe magnet receiver 

a variation in the direct current in the circuit main- 
tained by the battery. This establishes an alternating 
voltage in the secondary wiring of an induction coil, 
which sets up an alternating voltage in the line to the 
receiver. The second type of transmitter unit, 
commonly used in the subscriber's telephone set 
today, is the "direct action" type where the element 
attached to the diaphragm serves as the electrode 
and contact or pressure surface for the carbon 
chamber . 

BASIC CIRCUITS 

Figure A1.4 shows a telephone circuit with local 
battery transmitters. With the changing current 
through the primary of the induction coil, an alter- 
nating current is induced in the secondary of the 
coil. Current flows through the local receiver and 
is transmitted to the receiver at the distant station 
over the wire facility. In most telephone station 
installations , however , talking battery is supplied 
from a common battery located at the central office 
to which each subscriber line is connected. 

An elementary subscriber circuit is shown in 
Figure A1.5. When the receiver is removed from 
its cradle, it closes the contacts of the "hook" 
switch and the subscriber line is activated at the 
exchange office. The battery is then connected in 
series with the primary winding of the induction coil 
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Figure Al. 1 Bar magnet receiver 



Figure A1.3 Basic telephone transmitter 
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Figure A1.4 Basic telephone circuit with local battery transmission 

and the transmitter. Talking into the transmitter 
will "modulate" the DC on the line. There is a 
receiver side tone path (ac) through the capacitor 
and coil secondary. When receiving, the ac varia- 
tions divide between the receiver and transmitter 
circuits, and although losses occur, there is suf- 
ficient current to operate the receiver. On telephone 
sets containing dial equipment, the serial dc dial 
pulses are transmitted over the same pair by 
interrupting the battery. The dial mechanism con- 
sists of a cam-operated and governor-controlled 
interrupter switch. 



AP PENDIX A2. TELEGRAPH TECHNIQUES 



BASIC PRINCIPLES 

The elementary telegraph circuit consists of two 
telegraph terminals, each consisting of a relay, 
sounder, and key connected by a single wire. One 
set is connected to ground and the other to a ground- 
ed battery . Flow of current on the line occurs for 
the "operated" or marking position of the relay 
armature, and no current flows for the "open" or 
spacing position. The line current operates the 
receiving relay to the marking position, while an 
armature spring or a separately biased winding 
operates the relay to the spacing position. 
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Figure Al„ 5 Basic common battery subscriber station 
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Figure A2. 1 Elementary uni-polar telegraph circuit 

Two types of telegraph systems are used for 
furnishing service to subscribers. These are known 
as neutral or unipolar signaling, and polar (com- 
monly called bipolar) signaling. The neutral sig- 
naling is utilized 100% by AT & T and about 30% by 
Western Union. In this method, a single common 
battery voltage is used with the presence of current 
indicating the mark condition, and absence of cur- 
rent on the line indicating the space condition (See 
Figure A2 . 1) . 

In the bipolar technique, two oppositely connected 
common batteries are used; the mark is represented 
by positive voltage - current flow, and the space by 
the negative voltage source producing the opposite 
current flow (See Figure A2.2). The bipolar tech- 
nique enables utilization of longer lines (up to 40 
miles) as it is least affected by the line resistance 
and capacitive inductive change and decay effect. 
Seventy percent of the Western Union facilities use 
bipolar signaling. 

Basic Device Operation 

Teletypewriters are synchronized by means of a 
start/ stop system. The fundamental idea of this 
system is that the machines , instead of opera1;ing 
continuously, will be stopped after the transmission 
of each series of five selecting pulses comprising 
the signal for one character (See Figure A2.3). This 
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Figure A2. 2 Bi-polar telegraph circuit (one way) 
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STANDARD TELEGRAPH FORMAT 
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Figure A2.3 Standard telegraph format 



ensures that the two machines will be in exact 
synchronism at the beginning of transmission of 
each character. 



An elementary diagram of the mechanics of a 
start- stop teletypewriter system is shown in Figure 

A2.4. 



67 



SENDING STATION 



RECEIVING STATION 




Figure A2.4 Theory of start-stop teletypewriter system 



The sending and receiving telegraph machines 
contain a pair of devices known as distributors . The 
start pulse at the sending terminal releases the re- 
ceive line relay, and connects the battery to the 
receive start magnet. This permits the receiving 
distributor arm to start to rotate. As the distribu- 
tor arms rotate, the transmitting distributor arm 
makes contact with each transmit data segment 
sequentially. These segments, which are connected 
to battery, transmit the battery condition over the 
line to the corresponding segment of the receiving 
distributor and the associated select magnet will be 
operated. When the stop signal is transmitted, it 
will hold the receiving line relay closed, preventing 
battery from reaching the receive start magnet, and 
the receiving distributor arm will be halted by its 
latch as it completes one character. Both distrib- 
utors are then in position to handle the next charac- 
ter. The elongated stop bit (1.42 times as long as 
the data bit) is used to ensure mechanical synchro- 
nization between the two machines before the sub- 
sequent character is transmitted. 

TELEGRAPH REPEATERS 

As in all other electrical communications .systems, 
telegraph signals are subjected to attenuation or loss 
of energy when transmitted over any considerable 
distance. 

The elementary telegraph circuit is limited to 
comparatively short distances because the current 
would not be sufficient to operate the receiving re- 
lays. Also, signal distortion caused by long lines 



would introduce errors. This problem is solved by 
the use of line repeaters of the following types: 

1. Single line - a pair of cross-coupled polar 
relays are inserted in series with the circuit and 
these repower the signal to the adjacent links,, 

2. Regenerative Repeaters - Since ordinary 
telegraph line repeaters will repeat the greater part 
of distortion which increases cumulatively with the 
distance of the over-all circuit, regenerative re- 
peaters are used. The function of this repeater is 
to retime and retransmit (power) received signal 
impulses. It is capable of receiving, without 
error, any set of signals that would be satisfac- 
torily received by an ordinary teletypewriter,, and 
can send these same signals out in exactly th<3 same 
form as is produced by the sending teletypew]"iter. 

Three types of this repeater are normally 
utilized: 

a. Rotating Brush 

b. CAM type 

(both a and b are electro-mechanical) 

c. Electronic 

Regenerative repeaters (commonly called 
Regen's) are speed and code-sensitive and are in- 
tended for use with standard telegraph codes . This 
can be a problem when using other low speed termi- 
nal devices (such as the IBM Transceiver) and 
telegraph channels. 

Although regenerative repeaters are not g€;nerally 
utilized except in very long point-to-point connec- 
tions, they are almost always found in multi-point 
teletype nets where the multiplicity of connections 
and drops increase noise and distortion pickup to 
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unsuitable levels. (In laying out a telegraph system, 
the common carrier will "grade" each interconnec- 
tion link of the system by assigning it a circuit 
coefficient. When the summed coefficient reaches 
10, a regenerative repeater is inserted. The figure 
10 corresponds to an error rate of approximately 1 
character error in 44 thousand) . 

TELEGRAPH DISTORTION 

Bias Distortion 

There is a definite interval between the time the 
telegraph circuit is closed and the time the relay 
operates. The interval is called the "space-to- 
mark transition delay" (S-MTD). 

It is important that the space-to-mark transition 
delay equal the mark-to-space transition delay. If 
the two delays are not equal, as for instance, if the 
M-STD is greater than the S-MTD, all marks will be 
lengthened and all spaces shortened. This is a 
common condition on circuits and is called "marking 
bias". The opposite situation, in which the spaces 
are lengthened and marks shortened, is called 
"spacing bias". If, for example, the M-STD of a 
circuit is 6 ms and the S-MTD is 3 ms, the bias is 
"plus three"; this indicates that every mark, re- 
gardless of length, will be increased 3 ms and each 
space will be decreased 3 ms. Bias distortion can 
be reduced by adjusting the bias current on the 
affected telegraph sets. 

Characteristic Distortion 

Transitions are assumed to start when the line cur- 
rent is in the steady state marking or spacing condi- 
tion. In some cases, however, the start of the 
transition does not occur when the line current is at 
its steady state value and this situation is called 
"changing current transition". This affects the 
lengths of the received signal impulses and is called 
characteristic distortion. When the receive pulses 
are shortened, the effect is called negative charac- 
teristic distortion. When the pulses are lengthened, 
it is called positive characteristic distortion. 

Fortuitous Distortion 

This random or intermittent form of distortion is 
caused by such items as cross fire, power inductions, 
battery fluctuations, hits, and break key operation. 
The combined effect of characteristic and fortuitous 
distortion is sometimes known as jitter. 



APPENDIX A3. COAXIAL CABLE & MICROWAVE 



COAXIAL CABLE 

A coaxial pair consists of two wire or conductors. 
Unlike conventional pairs, one wire is a cylindrical 
tube in which a second solid conductor or core is 
centered. As shown by Figure A3. 1 the center core 
is held accurately in place by an insulating material. 
This insulating material may take the form of a 
solid core, discs, or beads strung along the axis of 
the wire, or by a spirally wrapped insulator. 

The center conductor must be accurately placed 
and held because at radio frequencies, the electri- 
cal characteristics of a coaxial pair are dependent 
upon physical dimensions. Several coaxial pairs 
grouped together inside an outer protective cover 
or sheath make up a coaxial cable. Typical coaxial 
cables contain from 2 to as many as 20 coaxial 
pairs plus a center group of conventional pairs. 
See Figure A3. 2. 

A coaxial transmission line transraits a high 
frequency signal as an electromagnetic wave in the 
area between the center conductor and shield. The 
energy of the signal is actually in the space. The 
outer conductor is called a shield because it blocks 
interfering signals from adjacent circuits. It also 
contains the signal energy within the coax. This is 
especially important because, as was stated pre- 
viously high frequency, energy tends to radiate in 
all directions and dissipate. 

As frequencies were increased into the super- 
high frequency range , greater information handling 
capabilities were obtained. However, with opera- 
tion in these higher frequencies, the Losses in 
coaxial conductors also increased. As a result. 
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Figure A3. 1 Coaxial tube construction 
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KILOCYCLES 



Figure A3„2 Coaxial cable cross-section 

new facilities such as microwave were developed 
and the coaxial pair use at super high frequencies 
was limited primarily to short sections feeding the 
new facilities described in the next two sections. 

MICROWAVE SYSTEMS 

Microwave means a very short wave with a length 
measured in centimeters. Signals having this 
wavelength are in the 1,000 to 10,000 megacycle 
range. Microwave systems actually are radio 
systems operating in this super-high frequency 
range or at the top of the workable frequency spec- 
trum which is shown in Figure A3. 3. Because of 
their short wave length, microwaves exhibit some 
of the characteristics of light waves. They travel 
in straight lines, can be reflected, and through the 
use of special lenses, can be directed or focused. 
Microwave systems also are called radio-relay 
systems . 

High capacity microwave terminals have two 
antennas - one for transmitting only and one for 
receiving only. Most privately owned systems are 
lightly loaded and can use one antenna for both 
transmit and receive. The transmitting and re- 
ceivii^ channels are usually separated by about 40 
megacycles to avoid interference. Microwave sig- 
nals also are subject to losses and must be period- 
ically boosted and amplified. Losses are caused by 
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Figure A3. 3 Frequency spectrum 




Figure A3 . 4 Parabolic reflector antenna 
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Figure A3. 5 Delay lens horn antenna 



the atmosphere and the fact that microwave energy 
cannot be perfectly focused, meaning only a portion 
of the transmitted signal is received. Amplifying 
points are called relay stations and are located 25 
to 35 miles apart. This spacing sometimes varies 
because of mountains or other obstructions. E,elay 
stations usually have four antennas and are located 
between end terminals . 
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Figure A3. 6 Horn-reflector antenna 



APPENDIX A4. DATA SET OPERATION 



The first data set was introduced in the late 1950 's 
and was basically a carrier telegraph terminal 
moved from the central office to the customer's 
premises. Most data sets are located on the cus- 
tomer's premises in close proximity to their 



associated business machine. Figure A4. 1 shows a 
typical data set configuration. Most digital data 
sets are capable of two-way operation - either on a 
half or full duplex basis. This type data set which 
must be able to both Modulate and DEModulate is 
called a MODEM. Data sets may use different 
modulating schemes and also have different speeds 
of operation. The maximum transmission rate now 
available with DATA PHONE Data Service is 2 , 000 
bits per second. Many data sets are capable of un- 
attended operation which means, when called, they 
can turn themselves and their associated business 
machine on without human intervention and send 
back control signals to the calling station. These 
can be wired permanently for unattended operation 
(under control of a business machine) or they can be 
made unattended under control of a push button. 

To illustrate the operation the Bell S|ystem 100 
series data set has two separate carrier frequen- 
cies - 1170 and 2125 cycles per second and can 
transmit using either carrier. However, when a 
station originates a call, it always transmits with 
the low frequency carrier. The same station, if 
called, would always transmit using the high fre- 
quency carrier. Selection of the carrier frequency 
used, is dependent upon whether the station origi- 
nates or receives the call. The data set uses 
frequency shift keying (FSK) modulation. With this 
arrangement, a mark ("one bit") will shift the 
carrier upward 100 cycles from 1170 to 1270 cycles 
or from 2125 to 2225 cycles. A space ("zero bit") 
will shift the carrier downward 100 cycles from 1170 
to 1070 cycles or from 2125 to 2025 cycles. Figure 
A4.2 shows the 100 series data set operation in a 
typical call sequence. The exchange of f2m and flm 
frequencies is referred to as "handshaking". 

Our concern is not to understand the numerous 
sets in each series, but rather, to understand in 
general the principle of their operation and to know 
which type will work with specific terminals. As 
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Figure A4. 1 Data set operation 
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station A 

DIAL 

TONE /—X 



Station B 



Q 



Sequence 



station A lifts telephone handset, gets dial 
tone and dials station B 



(r 



've answered, stop 



ringing 



Q 



station B rings and is answered either 
manually or automatically as soon as 
station B answers, an OFF- HOOK signal 
is sent to station A 



Q' 



m (2025 cycles) 



Q 



Station B waits 1 second after answering and 
then sends its marking frequency to station 
A. This frequency disables any echo sup- 
pressors which may be on the line. 



CG 



ON 



Q 



ON 



f2m (2025 cycles; 



m (1070 cycles] 



f2m 



flm 



V 



c 



ON 



After station A receives f2m, it turns itself 
on an sends its marking frequency (flm) to 
station B 



When station B receives flm , it turns itself 
on and both machines are ready to 
communicate. When not communicating, 
each station sends a continous marking 
frequency. 



y — V— f 2m— f 2s «- f 2m — • S. 

\>L.-flm-^fls-»flm-\y' 



ON 



ON 



Station A transmits using low frequencies 
flm (1070) and. f Is (1270), Station B 
transmits using high frequencies f 2m (2025) 
and f 2s (2225). Because of the different 
frequencies, it is easy to see how full 
duplex transmission can be made possible 



Figure A4. 2 Data set handshaking 



seen by Figure A4.3, the junction between a com- 
mon carrier data set and a data terminal is called 
an interface. This junction is a boundary or 
threshold over which information is passed from 
business machine to data set for transmission; or 
from data set to business machine for reception of 
data. 



Most interfaces are designed in accordance with 
EIA (Electronic Industries Association) Standard 
#RS-232B. This standard completely defines the 
functions and operation of the many different leads 
or circuits, describes their electrical limitations, 
and specifies the physical interface connector with 
the number of pins to be used. 
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Figure A4. 3 Alternate connecting arrangements 



APPENDIX B. Example of ManuEiI Network Design 



As an example of the method described in this guide 
for Manual Design of a Leased System, a small 
system connecting 11 cities to Jonesboro, Arkansas 
is designed. The fixed information obtained about 
the problem is listed below: 

1. Cities and total message loads/peak hour 
(avg. 200 ch/msg input and output): 



Auburn, Washington 
Long Beach, California 
Glendale, California 
Napa, California 
Santa Rosa, California 
Watsonville , California 
Jackson, Wyoming 
Magnolia, Arkansas (1) 
Magnolia, Arkansas (2) 
Galveston, Texas 
Humble, Texas 
Monroe, Louisiana 



33.0 
9.2 
67.5 
9.2 
31.7 
35.3 
11.1 
29.5 
61.3 
45.6 
37.6 
18.5 



2. The network we wish to design is a full time, 
half duplex, 100 wpm, leased telegraph line network 
with the following network paramejters: 

a. A ratio of input messages to output 
messages of 1:1.1 



b. Control of 8 character times 

c. Full control polling (one message per 
poll) of each station. 

d. 90% of messages must be delivered in 
less than 7.5 minutes. 

e. Terminals operate 10 cps line speed. 

3. From the parameters given, we find that the 
control time (or poll time or address time) is 8 
character times. Thus LCT is 8 characters. Since 
the line speed is 10 cps, LCT could also be ex- 
pressed as .8 seconds. LHT is the average mes- 
sage length + control time =200 characters + 8 
characters = 208 characters or 20.8 seconds. The 
ratio of LCT:LHT would be 8/208 or 1:26. The 
RjO is 1:1.1, which means we will be working with 
graphs #1 and #2. Because the LCT: LHT = 1:26, 
we will use the lower curve on graph #1. 

In the parameters we have been given the 
percentile of messages P = 90% and the re- 
sponse time T = 7.5 minutes or 450 seconds 
(7. 5 X 60). We are thus looking for the line 
utilization U. Entering graph #2 at 90%, we 

find a Yu of 2 . 1 . Since Yp = T (from D .2 .) , 

MRT 
MRT = 450 seconds = 214 seconds. 
2.1 
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Yu = MRT + 214 seconds = 10, 3. Entering 

LHT 20.8 seconds 
graph #1 with a Yu of 10 . 3 and using the 
lower curve, we find that U = 80.5% utiliza- 
tion. Thus the maximum line utilization for 
our system requirements is 80.5%. One 100 
wpm telegraph line is capable of transmitting 
10 characters per second, 600 characters 
per minute or 3600 characters per hour. 
Since each message has an average of 208 
characters (we must include control time) , 
the line is capable of handling 3600 char/hr 

208 char/mes 
172 messages/hour maximum. To load the 
line to 80.5% utilization, we allow only 172 x 
.805 = 138 messages/hour on the line. The 
138 messages/hour is thus our line loading 
factor. Notice that this is total messages/ 



hour. The traffic rate from each city is also 
expressed at total number of messages (both 
in and out)/hour. If the city traffic rate is 
expressed in other units, then the line loading 
factor must be in the same units . 

4. By following the procedure outlined previously, 
we manually construct a network. We see that 
Watsonville, Napa and Santa Rosa will all be con- 
nected on the same line . Since the distance from 
Santa Rosa to Auburn is less than Watsonville to 
Glendale, we make the Santa Rosa - Auburn connec- 
tion. From Auburn we go to Jackson and then the 
DPC. This line now has 120.3 messages/hour 
which is nearly equal to the line loading factor. By 
similar analysis the rest of the network was con- 
figurated and the cost was then computed. The re- 
sultant network is shown below. 











Distance in 


Equivalent 




From 


To 


Load 


Miles 


Miles 


Line 1 


Galveston 


Humble 


45.6 


49.5 


49.5 




Humble 


Magnolia (1) 


37.6 


247 


247 




Monroe 


Magnolia (1) 


18.5 


82.5 


82.5 




Magnolia (1) 


Jonesboro 
Total 


29.5 


225 


225 


131.2 










Distance in 


Equivalent 




From 


To 


Load 


Miles 


Miles 


Line 2 


Long Beach 


Glendale 


9.2 


30 


30 




Glendale 


Magnolia (2) 


67.5 


1420 


722 




Magnolia (2) 


Jonesboro 
Total 


61.3 


225 


225 


138.0 










Distance in 


Equivalent 




From 


To 


Load 


Miles 


Miles 


Line 3 


Watsonville 


Napa 


35.3 


82.5 


82.5 




Napa 


Santa Rosa 


9.2 


22.5 


22.5 




Santa Rosa 


Auburn 


31.7 


600 


415 




Auburn 


Jackson 


33.0 


610 


419 




Jackson 


Jonesboro 
Total 


11.1 


990 


571 


120.3 


3091 
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The total line cost for the system would be 
3091 X 1.21 (from AT&T Schedule 3 cost for 100 wpm 
telegraph) = $3,740. The local channel costs are 



15 X $6. 70 or $100. The channel terminal charges 
are 15 x $12. 50 or $187. 50. Thus the total cost of 
the network is $4,027.50. A map of this solution is 
shown below. 



Auburn 



Jackson 




Glendale 



Long Beach 



Jonesboro 

Magnolia 
Monroe 



Humble 
Galveston 
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